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Description 

BACKGROUND OF THE INVENTION 

5 [0001] Through air drying has become the technology of preference for making tissue for many manufacturers who 
build new tissue machines as, on balance, through air d^ing (TAD") offers many economic benefits as compared to 
the older technique of conventional wet-pressing ("CWP"), With through air drying, it is possible to produce a single 
ply tissue with good initial softness and bulk as it leaves the tissue machine. 

[0002] In the older wet pressing method, to produce a premium quality tissue, it has normally been preferred to 
10 combine two thin plies by embossing them together. In this way, the rougher air-side surfaces of each ply may be joined 
to each other and thereby concealed within the sheet. However, embossing two plies together imposes marked eco- 
nomic penalties which can be avoided in production of a one-ply product using through air drying. But even though 
through air drying has been preferred for new machines, conventional wet pressing is not without its advantages as 
well. Water may normally be removed from a cellulosic web at lower energy cost by mechanical means such as by 
15 overall compaction than by drying using hot air. It is not normally economic to convert older CWP tissue machines to 
TAD. Further, single ply machines can normally run at high speeds. 

[0003] What has been needed in the art is a method of making a premium quality or near premium quality single ply 
tissue using conventional wet pressing. In this way, advantages of each technology could be combined so older CWP 
machines can be used to produce high quality single ply tissue at costs which are far lower than those associated with 

20 embossing two plies together, 

[0004] One of the more significant barriers to production of a single ply CWP tissue has been the extreme sidedness 
of single ply webs using technology known prior to this Invention. TAD processes can produce a nice soft bulky sheet 
having fairly low strength and good similarity of the surface texture on the front of the sheet as compared to the back. 
Having the same texture on front and back is considered to be quite desirable In these products or, more precisely, 

25 having differing texture is generally considered quite undesirable. 

[0005] We have found that we can produce a soft high strength CWP tissue with low sidedness by judicious. combi- 
nation of several techniques as described herein. Basically, these techniques fall into four categories: (t) fiber stratifi- 
cation; (ii) chemical stratification; (iii) low angle, high adhesion creping; and (Iv) reverse embossing. Of these four 
techniques, the first two seem to be more flexible and exhibit more pronounced benefits than the latter two, but by 

30 various combinations of these techniques as described, taught and exemplified herein, it is possible to almost "dial in" 
the required degree of sidedness depending upon the desired goals. 

[0006] CWP processes can be carried out on fourdrinier, twin wire, suction breast roll, and crescent forming machines. 
Energy consumption is lower and the production speeds can be considerably higher than those used on TAD machines. 
The plies previously produced on CWP machines are usually fairly strong but, as mentioned, they have a distinctly 

35 two-sided character; consequently, CWP is most commonly used for two-ply products so that the softer sides of each 
ply can be positioned on the exterior of each sheet and the harsher surfaces buried in the Interior, each facing the 
other. However, there Is a substantial cost penalty involved in the production of two-ply products because the parent 
rolls of each ply are not always of the same length, and a break in either of the single plies forces the operation to be 
shut down until it can be remedied. Further, CWP plies in a multi-ply structure need to be embossed to bond the plies 

40 togetfier and help restore some of the bulk squeezed out In the pressing operation used to dewater each ply. For these 
reasons, many single-ply CWP products currently found in the marketplace are typically low end products. These 
products often are considered deficient in thickness, softness, and exhibit excessive two sidedness. Accordingly, these 
products have had rather low consumer acceptance and are typically used in "away from home" applications in which 
the person buying the tissue is not the user. 

45 

Field of The Invention 

[0007] The present invention Is directed to a soft, single-ply bulky tissue paper having low sidedness and processes 
for the manufacture of such tissue. 

so 

Description of Background Art 

[0008] Paper Is generally manufactured by suspending cellulosic fiber of appropriate geometric dimensions In an 
aqueous medium and then removing most of the liquid. The paper derives some of its structural integrity from the 
55 mechanical arrangement of the cellulosic fibers in the web, but most by far of the paper's strength is derived from 
hydrogen bonding which links the cellulosic fibers to one another. With paper intended for use as bathroom tissue, the 
degree of strength Imparted by this inter-fiber bonding, while necessary to the utility of the product, can result in a lack 
of perceived softness that is inimical to consumer acceptance. One common method of increasing the perceived soft- 
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ness of bathroom tissue is to crepe the paper. Creping is generally effected by fixing the cellulostc web to a Yankee 
drum thermal drying means with an adhesive/release agent combination and then scraping the web off the Yankee by 
means of a creping blade. Creping. by breaking a significant number of inter-fiber bonds adds to. and increases the 
perceived softness of resulting bathroom tissue product. 

5 [0009] However, creping alone may not be sufficient to impart the optimum degree of softness to the bathroom tissue. 
Therefore, as related by Soerens et al. in US-A-4,795,530, compounds such as quaternary amines that function as 
debonding agents are often incorporated into the paper web. As Soerens points out, catlonic quaternary amines can 
be added to the initial fibrous slurry from which the paper web is subsequently made. Soerens teaches that It is pref- 
erable, however, to spray the chemical debonding agent onto the ceilulosic web, after it is formed but before it is dried, 

10 and describes a method for spraying the amines onto the partially dewatered web in such a way that it is alleged the 
amines penetrate no more than 40% of the way through the thickness of the web leaving the remainder of the thickness 
"effectively untreated". 

[0010] One-ply bathroom tissue generally suffers from the problem of "sidedness" -- that is. one side of the sheet is 
generally perceived as being appreciably less soft than the other side. Sidedness is introduced into the sheet during 

15 the manufacturing process. The side of the sheet that was adhered to the Yankee and creped off i.e., the Yankee side 
is generally softer than the 'air' side of the sheet. This two-sidedness is seen both In sheets that have been pressed 
to remove water and in unpressed sheets that have been subjected to vacuum and hot air (through-drying) prior to 
being adhered to the crepe dryer. The sidedness is present even after treatment with a softener. An acceptable one- 
ply tissue should not only be soft and strong but should also exhibit softness of each side approaching the softness of 

20 the other. The prior CWP art has been unable to solve this problem. 

[0011] The most pertinent prior art patents will be discussed but, in our view, none of them can be fairly said to apply 
to reduction of sidedness in one-ply tissue nor to teach or make obvious use of combinations of the four basic techniques 
described above for reduction of sidedness. 

[0012] The Furman et al. US-A-5,187,219 discloses a polyacryl amide creping adhesive. The Grossman US-A- 
25 4,063,995 discloses a four-component creping adhesive. The Knight et al. US-A-5,234,547 discloses polyacrylamide 
as a creping aid. 

[0013] The Ampulski et al. US-A-5,164,046 and Publication WO-A-09302252 disclose a creping angle ofJL3**. Poly- 
vinyl alcohol is the creping adhesive. The Edwards et al. US-A-4,894,11 8 discloses use of a creping angle between 
60-100 degrees and 70-80 degrees but for recreped absorbent products. Our US-A-4,448,638 and 4,482,429 disclose 

30 creping angles between 52-72° using a reverse creping blade, 

[0014] Our US-A- 5,087,324 and 5,164,045 disclose stratified paper webs having a first layer of anfractuous fiber, 
chemithermo mechanical pulp and softwood kraft and a second layer of eucalyptus. The Spendel US-A-4,959,1 25 and 
4,940,513 and the Ampulski et al. US-A-5, 164.046 disclose methods of producing one-ply tissue paper consisting of 
spraying starch and surfactant on the tissue. No distinction is shown on which side the starch and surfactant are 

35 sprayed. The Ampulski patent indicates that these components are sprayed on both sides. The WO-A-09302252 pub- 
lication discloses a method of making single-ply or double-ply tissue by spraying starch and surfactant on both sides 
of the web. Lim WO-A-82/00485 publication discloses a process for spraying an acidified debonder on the sheet while 
on the forming fabric before vacuum dewatering. Many studies disclose the use of debonders and softeners to improve 
softness. The following are representative prior art references: Freimarket al. US-A-3 ,755,220, August 28, 1973; Shaw 

40 et al. US-A-3,821,068, June 28, 1974; Harvey et al. US-A-3,554,802. January 12, 1991; Emanuelsson et al. US-A- 
4,144, 122, March 13, 1979; and Becker et al. US-A-4, 158,594, January 19, 1979. None of the foregoing prior art 
references relate to one-ply tissue having a low sidedness and exhibiting a sidedness parameter of less than 0.3 along 
with a tensile modulus of no more than 32 grams/percent strain; a GM MMD friction of no more than about 0.23; and 
a cross directional dry tensile strength of at least 200 grams per 76.2 mm (3 Inches). 

^ [001 5] US-A -41 66001 describes a process for producing a multiple layer web having outer layers of strongly bonded 
fibers separated by an intermediate central section of weakly bonded fibers. The production of this web involves creping 
both sides, a procedure which, as described in the publication, results in delamination, with the outer layers separating 
and the product opening up In the direction transverse to the plane of the web. 

[0016] According to the present invention there Is provided a single-ply bathroom tissue product comprising single- 
50 ply tissue formed by conventional wet pressing of a ceilulosic web, adhering said web to a Yankee and creping said 
web from said Yankee, characterised in that said tissue incorporates a non -de laminated structure comprising at least 
two compositional ly differentiated strata, said structure having a sidedness parameter S of no more than 0.3, a tensile 
modulus of no more than 32 grams/percent strain, a geometric mean friction deviation GM MMD of no more than 0.23, 
and a cross directional dry tensile strength of at least 200 grams per 76.2 mm (3 inches). 
55 [0017] Preferred embodiments of the product are found in Claims 2 to 38. 

[001 8] The product may be formed by a method which comprises supplying to a first plenum of a stratified headbox 
having at least two plena a first furnish containing the components to form the first stratum of the product; supplying 
to a second plenum of said stratified headbox a second furnish containing components to form the second stratum of 
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the product; forming a nascent web by depositing said furnishes on a moving foraminous support, wet pressing said 
nascent web; transfen^ing said nascent web to a Yankee dryer, adhering said web to said Yankee with said first stratum 
of said web In contact with the surface of the Yankee, and creping said web from said Yankee; and recovering a creped, 
dried bathroom tissue product. 

5 [001 9] Preferred embodiments of the method are found Claims 40 to 52. 

[0020] The novel premium quality single-ply tissue having a very low 'sidedness' along with excellent softness, 
coupled with strength is advantageously obtained by using a combination of four processing steps. 
[0021] Suitably, the low sidedness bathroom tissue has been prepared by utilizing techniques falling into four cate- 
gories: (i) fiber stratification in which higher coarseness fibers are preferentially located to the Yankee side of the sheet; 

10 (ii) chemical stratification including starch and cationic softener/debonders; (ill) low angle, high adhesion creping using 
suitable high strength nitrogen containing organic adhesives and a crepe angle controlled to a level below 80^; and 
(iv) reverse embossing wherein we emboss the tissue between a hard to flexible nip (e.g. njbber-to-patterned steel), 
preferably with a brushed pattern, with the Yankee side of the sheet to the patterned steel roll side. The furnish advan- 
tageously is softwood or a mixture of softwood, hardwood and recycle fiber with the coarser fibers disposed on the 

'5 side which comprises most of the cationic debonder or alternately the coarser fiber are deposited on the Yankee side 
optionally without the softener. It is preferred to emboss the tissue and more preferred to reverse emboss with the 
Yankee side of the sheet against the steel side of the nip. However, low sidedness of the tissue may be achieved 
without embossing. The premium single-ply tissue having low sidedness may be suitably obtained from a single-layer 
homogenous sheet, two-layer stratified sheet, or multi-layer stratified sheet 

20 [0022] In our process, chemical stratification is produced by preferentially treating fibers obtained from a plurality of 
furnish sources with chemical moieties exhibiting different functionalities and therefore, providing different physical 
characteristics to the fibers originating from different sources. Suitably, the fibers from the different furnish sources 
may be fed separately to different plena in a stratified headbox to form a multi-layer or stratified sheet or combined 
upstream of a homogenous headbox to form a single-layer or homogenous tissue product. In the preferred process, 

25 the fibers are advantageously delivered In separate conduits to separate plena In a stratified headbox to form stratified 
two-layer or multi-layered tissue. The high degree of stratification of the two-layer but single-ply tissue Is shown in the 
attached photograph, Rgure 21 which clearly demonstrates observable chemical stratification of fibers. 
[0023] In one of our preferred novel processes utilizing chemical stratification in the two-layered sheet, we form a 
stratified ply wherein the Yankee side of the sheet has a relatively coarse furnish, primarily a softwood or recycle furnish. 

30 The air side has a relatively lower coarseness furnish comprising a softwood/hardwood blend or a softwood, hardwood, 
and recycled fiber blend in its furnish but 100% softwood is advantageously utilized. Advantageously, the air side has 
at least 50% softwood by weight and the rest comprises hardwood and recycle fiber. Suitably, recycled fiber comprises 
up to about 40% to about 60% by weight of the air side furnish. This is not an essential limitation and the recycled fiber 
content may vary between about 10 and 100 percent by weight depending largely upon the quality of the recycle fiber 

35 available. While starch or another strength enhancing agent may be added to both layers, the amount of starch added 
to the Yankee side Is considerably higher than that added to the air side. Usually, starch is not deliberately added to 
the air side. Advantageously, the fibers from the differentiated furnish sources are delivered to separate plena of a two- 
layer or multi-layered headbox so that the first stratum comprises cellulosic papermaking fiber chosen from the group 
consisting of hardwood, softwood, and recycled fibers, and cationic nitrogenous softener/debonder, and said first stra- 
tum being disposed to contact said Yankee, the second stratum comprises cellulosic papermaking fiber chosen from 
the group consisting of hardwood, softwood, and recycled fibers, and cationic nitrogenous softener/debonder. Softener 
may be suitably added at the wet end to the air side furnish to reduce two sidedness. In some cases, it is preferred to 
add softener to the furnish source comprising the coarser fibers. In our preferred process, softener is applied both by 
spraying and by incorporation into the furnish directed to the air-side of the stratified headbox. The softener/debonder 

<5 is preferably sprayed onto the Yankee side of the sheet while the sheet is on the felt after vacuum dewaterlng. Accord- 
ingly, It penetrates the sheet rather than remaining adjacent to the exposed surface as suggested by Soerens, US-A- 
4,795,530 discussed above which sprays a debonder on the wet web while on the felt before vacuum dewaterlng. We 
have found that in our experience, the softener compositions described herein penetrate throughout the entirety of the 
depths of the sheet so that there Is no substantially untreated or effectively untreated region as specified In Soerens. 

50 [0024] Another embodiment of our process for the single-layered homogenous sheet comprises providing softwood 
fibers, hardwood fibers, and recycle fibers in amounts sufficient to form an overall furnish comprising from about 70% 
to about 10% softwood fibers by weight, about 15% to about 70% hardwood fibers by weight, and about 15% to about 
75% recycled fiber by weight, by combining two separate furnishes, the first furnish comprising primarily softwood 
fibers and starch (as a strength enhancing agent) in the range of approximately 0.5 pounds per ton to 10 pounds per 

55 ton of overall furnish, the second furnish comprising softwood fibers, hardwood fibers, and recycle fibers, suitably, the 
percentage of softwood fibers by weight In said second furnish being less than the percentage of softwood fibers in 
said first furnish, the second furnish also comprising a quantity of cationic nitrogenous softener/debonder chosen from 
the group consisting of Imidazolines, amido amine salts, linear amine amides, tetravalent ammonium salts and mixtures 
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thereof in the range of about 0.5 pounds per ton to about 10 pounds per ton of overall furnish (1 pound per ton (U.S.) 
o 0.5 kg/t where t stands for tonne). The tissue is formed by delivering the combined furnish to a headbox of a paper- 
making machine forming a nascent celiulosic web from said furnish, dewatering said nascent web by overall compaction 
of said web, subjecting said web to low angle, high adhesbn creping using a creptng blade disposed at an angle of 
5 between 70** and 80°, preferably about 72** to about 78'*and forming a paper product having a sidedness parameter 
of less than 0.3. Alternatively, cationic nitrogenous softener/debonder may also be supplied by spraying or by a com- 
bination of spraying and incorporation into the furnish, 

[0025] Preferably our tissue is prepared by conventional wet pressing of a celiulosic web, adhering said web to a 
Yankee and creping said web from said Yankee, conducting the papermaking process so that at least two differentiated 
10 strata are formed, one having been in direct contact with the Yankee prior to creping and comprising a strength en- 
hancing agent in a concentration substantially exceeding the concentration of said strength enhancing agent in the 
other stratum of the single-ply tissue product. 

[0026] Our preferred process comprises providing softwood fibers, hardwood fibers, and recycle fibers in amounts 
sufficient to form an overall furnish comprising from about 100% to about 50% softwood fibers by weight, about 40% 

15 to about 20% hardwood fibers by weight, and about 40% to about 1 5% recycle fiber by weight Our process comprises 
forming a first furnish comprising primarily softwood fibers in a first machine chest; forming a second furnish comprising 
hardwood fibers, recycle fibers, and softwood fibers in a second machine chest, the percentage of softwood fibers by 
weight tn said second furnish being less than the percentage of softwood fibers in said first furnish; though 100% 
softwood in the second furnish is suitable and the process further comprises supplying a predetermined quantity of 

20 starch in the range of approximately 0.5 pounds per ton to 10 pounds per ton of overall furnish to said first furnish; 
supplying a predetermined quantity of cationic nitrogenous softener/debonder chosen from the group consisting of 
imidazolines, amido amine salts, linear amine amides, tetravalent ammonium salts, and mixtures thereof in the range 
of 0.5 pounds per ton to 10 pounds per ton to said second furnish; providing a stratified headbox having a plurality of 
plena; delivering said first furnish with said starch to one plenum of said stratified headbox; delivering said second 

25 furnish with said cationic nitrogenous softener debonder to second plenum of said stratified headbox; and forming a 
paper product having a low sidedness and having a sidedness parameter of less than 0.3. 

[0027] In our process, refined furnishes are also suitable. In many cases, strength enhancing agents may be omitted 
or used in reduced quantities provided the Canadian Standard Freeness (CSF) of at least a major portion of the soft- 
wood fibers incorporated into the first furnish source is about 50 points less than the CSF of the fiber incorporated in 

30 the second furnish source, i.e., the Yankee side furnish is more highly refined. Suitably, a first stratum comprises 
celiulosic papermaking fiber chosen from the group consisting of hardwood, softwood, refined softwood and recycled 
fibers, and cationic nitrogenous softener/debonder, along with strength enhancing agents, at least a major portion of 
said softwood fiber in said first stratum having been refined, said first stratum having been in contact with the Yankee. 
[0028] The second stratum comprises celiulosic papermaking fiber chosen from the group consisting of hardwood, 

35 softwood, and recycled fibers, cationic nitrogenous softener/debonder, and optionally, strength enhancing agent; The 
operating definition of CSF is given in the textbook by James d* A. Clark entitled, Pulp Techno togy and Treatment for 
Paper, Miller Freeman Publication Inc., San Francisco, California, 1978. 

[0029] To quantify the degree of, sidedness of a single-ply tissue we use a quantity which we term sidedness param- 
eter or S. We define sidedness parameter S as 

40 

[GM MMD] a r , 
S ii { [GM MMD]^+[GM MMDl^} 

[GM MMDjy 

where [GM MMDj^ and [GM MMDJy are respectively air and Yankee side geometric mean friction deviations or overall 
surface friction. S takes into account not only the relative difference between air and Yankee side friction but also the 
overall friction level. Accordingly, bw S values are preferred. S values of 0.1-0.3 indicate that the tissue has low sided- 
ness. Preferably, the sidedness parameter is about 0.15 to about 0.225. 

50 [0030] Similarly, since we prefer to use high adhesion creping, to quantify the degree of adhesion, we define adhesion 
as the force in grams required to peel a 304.8 mm (12 inch) wide sheet off the creping cylinder at a 90 degree angle 
with the creping doctor in the off-load position. We have found that using a known creping adhesive, comprising a 
poiyacrylamide (PA), preferably glyoxylated, it is possible to control adhesion such that the junction between the sheet 
and Yankee exhibits relatively high adhesion compared to conventional adhesives which include polyamino amides- 

55 epichlorohydrin (PAE) and polyvinyl alcohol resins. High adhesion level is preserved when PA is used as the creptng 
adhesive even in the presence of softener and debonder so low sidedness can be better controlled and maintained 
when softener is used. Specifically, when softener Is used in the range of 1-4 pounds per ton, PA adhesion is good as 
defined by the peel force of about 0.98 to about 2.95 g/mm (about 300 to about 900 grams per 12 inches), and corre- 
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sponding S value is below 0.3. Generally, when softener ts added, adhesion is decreased and the sidedness parameter 
S is increased. Surprisingly, when utilizing PA adhesives, they do not lose adhesive capacity In the presence of softeners 
and the S values remain low. Unlike conventional adhesives of the PAE type and the like, utilization of PA in conjunction 
with softener, allows one to minimize the difference between air and Yankee side friction while preserving overall low 
friction, all of which promote high quality crepe structure required for good tissue softness and reduced sidedness. 
[0031] We have also produced from a single-layered sheet a soft bathroom tissue product having a low sidedness 
comprising a roll of single-ply tissue formed by conventional wet pressing of a celluloslc web, adhering said web to a 
Yankee and creping said web from said Yankee said tissue being formed from at least two furnish sources. The furnish 
sources may either have been combined prior to depositing furnish on forming fabric or alternately may have been fed 
separately. The first furnish source comprises a strength enhancing agent such as water soluble starch having an 
amylose and amylopectin content of about 1 to about 30 and about 99 to about 70 percent, respectively It should be 
noted that when starch is added under our process conditions it functions not only to enhance strength of the tissue 
but also aids in creping while exhibiting advantageous adhesive properties. The second furnish source comprises 
cationic softener/debonder and may suitably contain starch but, preferably, the starch level in the air-side layer is kept 
at as low a level as is convenient and no starch Is deliberately added to the air side of the sheet. The amount of softener/ 
debonder added Is advantageously about 0.5 pounds to about 12 pounds for each ton of furnish. Preferably about 2 
pounds to about 6 pounds for each ton of furnish. The softener/debonder is chosen from the group consisting of imi- 
dazolines, amido amine salts, linear amido amines, tetravalent ammonium salts, and mixtures thereof. In our process, 
the softeners/debonders are thought to enhance flexibility by reducing hydrogen bonding and imparting lubricity to the 
fibers through the fatty acid components. This lubricity translates into consumer sensory softness and related advan- 
tageous features set forth in Figures 3 to 8. The flexibility and lubricity combine to give an excellent hand feel and 
results in a low sidedness for our tissue. 

[0032] One of the papermaking parameters that has a significant effect on tissue properties, especially softness, is 
creping angle. For two-ply tissue products, it has been shown that a creping angle in the range of 80 to 90 degrees is 
preferred to maximize the softness of the tissue's Yankee side. As the Yankee side of the tissue is the only side that 
is touched by the consumer, the effect of the creping angle on the base sheet's air side is not considered. For one-ply 
products, on the other hand, attention must be paid to the softness of both sides of the sheet as both will be in contact 
with the user. Creping angles that maximize the softness of one side of the sheet at the expense of the other are not 
suitable for a one-ply product. For one-ply products, therefore, it is necessary for both sides of the tissue sheet to have 
similar softness levels. We have discovered that when tissue is creped off of the Yankee, the "creping angle", the acute 
included angle between the Yankee and the blade should be between 70 and 80", preferably in the range of about 72° 
to about 78°, as when creping angles in this range are used, the sidedness of the tissue sheet is greatly reduced. This 
is an unexpected finding. 

[0033] To further enhance the softness and minimize the sidedness in the novel process, we use a reverse embossing 
procedure in which the patterned roll or the harder roll of the embossing nip engages the Yankee side of the sheet, 
while the softer roll in the nip engages the air side of the sheet We have found that by brushing the caps of the steel 
roll bearing our emboss pattern, friction, modulus and sidedness can be improved. 

[0034] The most common prior art one-ply CWP processes use embossing processes wherein the pattern roll is 
against air side of the sheet. These are normally preferred for reducing sidedness. While tissue products with low 
sidedness can be obtained when the embossing pattern roll Is against the air side of the sheet, sidedness can usually 
be reduced by reverse embossing with the Yankee side against the patterned roll. Advantageously, the pattern roll is 
a steel roll and the softer roll is a rubber roll. 

[0035] Esthetics and tactile considerations are extremely important for tissue products as they often come into inti- 
mate contact with the most delicate parts of the body in use. Consequently, demand is quite high for products with 
improved tactile qualities, particularly softness. However, as tissue products are frequently used to avoid contact with 
that which the consumer would greatly prefer not to touch, softness alone is not sufficient; strength is also required. 
Merely providing a product with improved properties is not generally sufficient, the "on the shelf appearance of the 
product must suggest both strength and softness while consumers must be able to sense improvements by handling 
packaged product. Appearance is critical; bulk, weight, compressibility, firmness, texture and other qualities perceived 
as indicia of strength and softness are also required. 

[0036] It has been shown that the surface softness of a tissue is negatively correlated to the geometric mean friction 
deviation, or GM MMD value measured using a Kawabata friction tester Model SE. In other words, this correlation 
demonstrates that as a surface friction increases, overall surface softness Is decreased. If overall softness is decreased, 
additional sidedness is introduced since the decrease is not uniform on both sides. Of course, if there are very high 
friction values on one side, the product does not meet the parameter of our novel tissue and may have to be sold at a 
great discount or be discarded. By comparing the GM MMD values for the two sides of a one-ply tissue, the two 
sidedness of a product may be determined as set forth above. Tissues exhibiting low tensile moduli and having low 
friction deviation values on both sides and having a low delta between these values characterize our preferred tissues. 



6 



EP 0 675 225 B1 

[0037] In summary, we have discovered a novel process for the manufacture of an improved soft single-ply tissue 
having very low sided ness. Our most preferred embodiment of the novel process comprises using In the tissue man- 
ufacturing process a combination of: (i) fiber stratification, (ii) chemical stratification, (iii) low angle, high adhesion 
creping using a crepe angle of between about 70° and about 80° and an adhesive package that provides high adhesion 

5 as measured by peel force, and (iv) reverse embossing, these processes being combined as taught herein to obtain 
a very low stdedness parameter. We preferably emboss the tissue with the pattern roll of the embossing nip engaging 
the Yankee side of the sheet, but the effect of this seems to be rather less, so it is quite feasible to emboss with the 
steel against either side and still obtain low-stdedness products. In the novel process combinations incorporating some 
or all of the steps as set forth above are selected to produce a soft tissue having a sidedness parameter not greater 

10 than 0.3; a GM MMD of less than about 0.23; and a tensile modulus of less than 32 grams/percent strain. Preferably, 
the tissue exhibits a sidedness parameter of less than 0.225; a tensile modulus of no more than 27 grams/jaercent 
strain; a GM MMD of no more than about 0.21 . 

[0038] Further scope of applicability of the present invention will become apparent from the detailed description given 
hereinafter. However, it should be understood that the detailed description and specific examples, while indicating 
15 preferred embodiments of the invention, are given by way of illustration only, since the essence of the invention is to 
combine and manipulate the processes described above in such a way as to obtain a low-sidedness tissue having the 
claimed properties. Accordingly, various changes and modifications within the spirit and scope of the invention will 
become apparent to those skilled in the art from this detailed description. 

[0039] The present invention will become more fully understood from the detailed description given herein below 
20 with reference to preferred embodiments thereof and with the aid of the accompanying drawings which are given by 
way of illustration only, and thus, are not limitative of the present invention, and wherein: 

[0040J Figure 1 1s a schematic flow diagram of a paper machine having a stratified headbox showing potential points 
and conduits for preferentially treating furnish sources with chemicals and delivering chemically treated furnishes to 
the paper machine. 

25 [0041] Figure 2 is a schematic flow diagram of a furnish supply for a papermaking machine having a homogenous 
(non-stratified) headbox and two machine chests showing the potential points to the addition of a starch arfd a softener 
debonder. 

[0042] Figure 3 is a graph illustrating the tensile modulus and surface friction for three tissue samples (W4T, W3T, 
and P33T) of the present invention, as compared to commercially available CWP and TAD bathroom products. 
30 [0043] Figure 4 is a graph illustrating the tensile modulus and surface friction for three tissue samples (W4T, W3T, 
and P33T) of the present Invention, as compared to commercially available one-ply CWP and one-ply TAD bathroom 
products. 

[0044] Figure 5 is a graph illustrating perceived consumer softness and strength for three tissue samples (W4T, W3T, 

and P33T) of the present invention, as compared to commercially available CWP and TAD bathroom products. 
35 [0045] Figure 6 is a graph illustrating perceived consumer softness and strength for three tissue samples (W4T. W3T, 

and P33T) of the present invention, as compared to commercially available one-ply CWP and TAD bathroom products. 

[0046] Figure 7 is a graph illustrating the consumer flushability and thickness for three tissue samples (W4T, W3T, 

and P33T) of the present invention, as compared to commercially available CWP and TAD bathroom products. 

[0047] Figure 8 is a graph illustrating the consumer flushability and thickness for three tissue samples (W4T, W3T, 
40 and P33T) of the present Invention, as compared to commercially available one-ply CWP and one-ply TAD bathroom 

products. 

[0048] Figure 9 is a graph illustrating the relationship of peel force to sidedness. Rgure 9 demonstrates the efficiency 
of using high adherence coating adheslves to reduce sidedness parameter at different levels of softener addition. 
[0049] Rgure 10 is a graph Illustrating the relationship of sidedness to creping adhesive adhesion between Yankee 

45 and sheet as measured by sheet tension. At sheet tension of about 2.79 g/mm (1 700 g/24''), the sidedness parameter 
of 0.23 is obtained, while at a sheet tension of 0.656 g/mm (400 g/24") the sidedness increases to 0.275. 
[0050] Rgure 11 is a graph which demonstrates that glyoxylated polyacrylamide (NALCO) is the preferred adhesive, 
even in the presence of softeners as it helps to maintain the high levels of adhesion preferred for the practice of the 
present invention. When the polyacrylamide additive is present, the GM MMD (friction) had a value of less than 0.30 

50 while the comparable value for the polyaminoamides-epichlorohydrin was 0.55. 

[0051] Rgure 12 is a graph illustrating that the difference In friction between the Yankee and the air side are the 
lowest with high adherence creping adhesives comprising glyoxylated polyacrylamide. 

[0052] Figure 13 is a graph illustrating the uncalendered base sheet caliper of the products as a function of their 
tensile strengtii. As can be seen from the graph, use of softwood kraft fibers in both layers of the sheet has allowed 
55 the generation of a sheet with higher bulk at a given tensile strength than was possible for the sheets containing both 
softwood kraft and hardwood kraft. However, it would be expected that the all-softwood kraft sheet would be less soft 
than would the sheets made from fiber blends, as the air side of its sheet contains coarser softwood fibers as compared 
to the other sheets which have a less-coarse hardwood furnish on their air sides. 
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[0053] Figure 14 is a graph illustrating the sensory softness of the converted products made from the various base 
sheets, demonstrating that the all-softwood kraft sheets made using chemical stratification can be as soft as the prod- 
ucts made with the hardwood kraft^softwood kraft furnish or even softer. The use of chemical stratrfication has allowed 
the production of a one-ply product with both high softness and high bulk. 
5 [0054] Figures 1 5. 1 6, and 1 7 are graphs which illustrate that when the creping angle is lowered from 87° to 70-80". 
the friction deviation of the two skJes of the one-ply tissue are reduced. Thus, the sidedness is substantially minimized. 
[0055] Rgures 18, 19, and 20 are graphs which compare the sidedness parameter with geometric mean tensile. 
Rgure 21 illustrates that at a 72° creping angle, the geometric mean tensile strength is high while the sidedness pa- 
rameter has quite a tow value. 

10 [0056] Rgure 21 is a photograph showing the high degree, of chemical and fiber stratification of the tissues of the 
present invention. 

[0057] Rgures 22 and 23 illustrate the effect of Yankee side softwood composition on modulus and friction. 
[0058] Rgure 24 is a graph illustrating the sidedness versus overall surface friction data wherein these properties of 
the novel tissue are compared to the properties of commercial one-ply products. 
15 [0059] In accordance with the present invention, a method is provided for producing a highly absorbent, predomi- 
nantly one-ply cellulosic tissue that exhibits excellent overall quality and a high degree of surface-perceived softness 
and very low sidedness. For the sake of simplicity, the invention will be described immediately hereinbelow in the 
context of a conventional dry crepe wet-forming process. A schematic drawing depicting a process configuration is set 
forth in Figure 1. 

20 [0060] Tissue products of the present invention may be manufactured on any papermaking machine of conventional 
forming configurations such as fourdrinier, twin-wire, suction breast roll or crescent forming configurations. The forming 
mode is advantageously water or foam. Rgure 1 illustrates an embodiment of the present invention wherein a com- 
partmentalized machine chest 50 is used for preparing furnishes that are preferentially treated with chemicals having 
different functionality depending on the character of the various fibers particularly fiber length and coarseness. The 

25 differentially treated furnishes are transported through different conduits. 40 and 41 , where the furnishes are delivered 
to the headbox of a crescent forming machine 10. Suitably, the furnish transported by conduit 40 may contain relatively 
long or coarse fiber along with strength enhancing agent while 41 may contain a lower coarseness furnish along with 
softener. This Rgure 1 and also Rgure 2 include a web-formlng end or wet end with a liquid permeable foraminous 
support member 11 which may be of any conventional configuration. Foraminous support member 11 may be con- 

30 structed of any of several known materials including photo polymer fabric, felt, fabric or a synthetic filament woven 
mesh base with a very fine synthetic fiber batt attached to the mesh base. The foraminous support member 11 Is 
supported in a conventional manner on rolls, including breast roll 15 and couch roil or pressing roll 16. 
[0061] Forming fabric 12 is supported on rolls 18 and 19 which are positioned relative to the breast roll 1 5 for pressing 
the press wire 12 to converge on the foraminous support member 11 at the cylindrical breast roll 15 at an acute angle 

35 relative to the foraminous support member 1 1 . The foraminous support member 11 and the wire 12 move in the same 
direction and at the same speed which is the same direction of rotation of the breast roll 15. The pressing wire 12 and 
the foraminous support member 11 converge at an upper surface of the forming roll 1 5 to form a wedge-shaped space 
or nip into which two jets of water or foamed-liquid fiber dispersion is pressed between the pressing wire 12 and the 
foraminous support member 11 to force fluid through the wire 12 into a saveall 22 where It is collected for reuse in the 

40 process. 

[0062] A wet nascent web W formed In the process is carried by the foraminous support member 11 to the pressing 
roll 16 where the wet nascent web W is transferred to the drum 26 of a Yankee dryer. Fluid is pressed from the wet 
web W by pressing roll 16 as the web is transferred to the drum 26 of the Yankee dryer where it is dried and creped 
by means of a creping blade 27. The finished web is collected on a take-up roll 28. 
45 [0063] A pit 44 is provided for collecting water squeezed from the furnish by the press roll 1 6 and a Uhle box 29. The 
water collected in the pit 44 may be collected Into a flow line 45 for separate processing to remove surfactant and fibers 
from the water and to permit recycling of the water back to the papermaking machine 10. The liquid, suitably foamed 
liquid, is collected from the furnish in the saveall 22 and is returned through line 24 to a recycle process generally 
indicated by box 50. 

50 [0064] Figure 2 illustrates another embodiment of the present inventton wherein two machine chests are used for 
preparing the furnish. First machine chest 11 6 is provided for processing one furnish source. Rrst machine chest pump 
120 pumps the furnish from first machine chest 116 to first stuff box 118. Flow meter 124 is provided for detecting the 
basis weight of the furnish as the furnish is supplied to fan pump 1 32 for delivery to headbox 1 50. Headbox 1 50 supplies 
the furnish to crescent former papermaking machine 160. Saveall 162 is provided for returning furnish supplied to the 

55 wire of crescent former papermaking machine 1 60 back to fan pump silo 164 for subsequent supply to fan pump 1 32, 
[0065] Second machine chest 21 6 is provided for processing the second furnish source. Second machine chest 
pump 220 pumps the furnish from second machine chest 216 to second stuff box 218. Flow meter 224 is provided for 
detecting the basis weight of the furnish as the furnish is supplied to fan pump 132 for delivery to headbox 150. 
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[0066] Starch is added as a strength enhancing agent to the first furnish source when necessary after the furnish is 
prepared in the first machine chest 116. By aliowing the ceiiutose fibers in the furnish to react with the starch, or any 
other strength enhancing agent, the overall strength can be brought into the desired range. We prefer to contact the 
starch primarily with the fibers in the first furnish source and fibers in the second furnish source may be contacted 

5 primariiy with the cationic nitrogenous softener/debonder. Suitably, this order is reversed for special applications. 
[0067] Headbox 150 supplies furnish to crescent former papermaking machine 160. Headbox 150 may be either 
homogenous or stratified with separate supplies of furnish for making a stratified layered tissue on crescent fomner 160. 
[0068] in the process of the present invention, an aqueous furnish including cellulose papermaking fibers is initially 
formed. The cellulosic fibers have undergone some degree of lignin modification, such as at least partial chemical 

10 treatment, to produce materials such as chemimechanical pulp, isemichemical pulp, chemical pulp, or mixtures thereof. 
Suitable materials from which the celtulose fibers can be derived Include the usual species of coniferous and deciduous 
pulpwood. Conventional pulping processes may be used including kraft, sulfite, chemithennomechanlcal (CTMP), so- 
da, neutral sulfite semlchemical (NSSC), IMP and related processes. 

[0069] The aqueous furnish is transported to a headbox 1 50. The headbox 1 50 can be any type suitable for conven- 
15 tional wet-forming. Multi-layer headboxes are often used in the preparation of bathroom tissue, with three or four layer 
headboxes being particularly useful in the preparation of one-ply bathroom tissue. A conventional pulp refiner system 
may also be present upstream of the headbox. As a practical matter, the consistency of the aqueous furnish used in 
forming the subject wet web is desirably maintained at a level of from about 0.05% by weight up to about 1 .0% by 
weight, and more preferably from about 0.1% by weight up to about 0.75% by weight, based on the total weight of 
20 cellulosic papermaking fibers in the aqueous furnish. 

[0070] Nitrogenous softener/debonders and adhesives are added in the tissue manufacturing process. The softener 
may be suitable when added with the furnish or also sprayed to the sheet while the sheet is on the Yankee. The adhesive 
is advantageously sprayed on the Yankee metal. 
[0071] Representative softeners have the following structure: 

25 

[(RCO)2EDA]HX 

wherein EDA is a diethylenetriamine residue, R is the residue of a fatty acid having from 12 to 22 carbon atoms, and 
5a X is an anion or 



[(RCONHCHgCHgjaNR'lHX 

35 wherein R is the residue of a fatty acid having from 1 2 to 22 carbon atoms, R' is a lower alkyl group, and X is an anion. 
[0072] The preferred softener is Quasoft® 202 ^JR and 209-JR made by Quaker Chemical Corporation which is a 
mixture of linear amine amides and imidazolines of the following structure: 



40 
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45 
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wherein X is an anion. 

[0073] As the nitrogenous cationic softener/debonder reacts with a paper product during formation, the softener/ 
debonder ionically attaches to celtulose and reduces the number of sites available for hydrogen bonding thereby de- 
creasing the extent of fiber-to-fiber bonding. 

5 [0074] The present invention may be used with a particular class of softener materials ~ amido amine salts derived 
from partially acid neutralized amines. Such materials are disclosed in US-A-4,720,383; column 3, lines 40-41 . Also 
relevant are the following articles: Evans. Chemistry and Industry , 5 July 1969, pp. 893-903; Egan. J. Am. Oil Chemist's 
Soc. Vol. 55 (1978), pp. 118-121; and Trivedi et al,, J. Am. Oil Chemist's Soc, June 1981. pp. 754-756 . All of the 
above are incorporated herein by reference. As indicated therein, softeners are often available commercially only as 

10 complex mixtures rather than as single compounds. While this discussion will focus on the predominant species, it 
should be understood that commercially available mixtures would generally be used to practice. 
[0075] At this time, Quasoft® 202-JR and 209-JR is a preferred softener material which is derived by alkylating a 
condensation product of oleic acid and dlethylenetrlamine. Synthesis conditions using a deficiency of alkylating agent 
(e.g., diethyl sulfate) and only one alkylating step, followed by pH adjustment to protonate the non-ethyl ated species, 

15 result In a mixture consisting of cationic ethylated and cationic non-ethylated species. A minor proportion (e.g., about 
10%) of the resulting amido amines cyclize to imidazoline compounds. Since these materials are not quaternary am- 
monium compounds, they are pH-sensitlve. Therefore, in the practice of the present invention with this class of chem- 
icals, the plH In the headbox should be approximately 6 to 8, more preferably 6 to 7 and most preferably 6.5 to 7. 
[0076] The softener employed for treatment of the furnish. Is provided at a treatment level that is sufficient to impart 

20 a perceptible degree of softness to the paper product but less than an amount that would cause significant runnability 
and sheet strength problems in the final commercial product. The amount of softener employed, on a 100% active 
basis, is preferably from about 1 .0 pounds per ton of furnish up to about 10 pounds per ton of furnish. More preferred 
is from about 2 to about 5 pounds per ton of furnish. 

[0077] Treatment of the wet web with the softener can be accomplished by various means. For instance, the treatment 
25 step can comprise spraying, applying with a direct contact applicator means, or by employing an applicator felt. 

[0078] In a suitable process, the wet web which has been dewatered to the point where from 50 to 85% moisture, 

preferably from 60 to 75% moisture, remains therein, Is carried by the felt resting on rolls such as suction press roll. 

The softener may suitably be applied to this partially moist web at this stage by intensive spray just before significant 

drying energy Is imparted on the sheet. 
30 [0079] The softener material is pumped into a mixing tank wherein it is combined with the correct proportion of water 

by means of metering pumps. For a typical operation, the percentage of softener in the water in the mixing tank may 

vary from 0.5% to about 15% by weight. Most of the softener compounds mix fairly easily with water, although special 

prolonged agitation may be necessary under certain circumstances. 

[0080] From the mixing tank the aqueous solution may be passed through a spray pump into a filter for removal of 
35 any impurities. This filter may be of the full or continuous flow type. After the filter, the solution goes into a feed tank, 
and from the feed tank into the spray head. 

[0081] The spray head applies the solution, generally in the form of a very tine mist, to the partially dried formed 
tissue. Material that is not absorbed by the tissue may be caught within a catch pan and is recovered into a recovery 
tank from which it returns through a filter into the mixing tank. If sufficient control Is exercised over the amount of active 
40 solution sprayed onto the web adhered to the Yankee, there will be no significant runoff and a catch pan may not be 
necessary. 

[0082] The adhesive is added directly to the metal of the Yankee, and advantageously, it is sprayed directly on the 
surface of the Yankee dryer drum. The suitable nitrogen containing adhesives are glyoxylated polyacrylamide, and 
polyaminoamides. Blends such as the glyoxylated polyacrylamide blend comprise at least 40 weight percent potyacr- 
45 ylamide and at least 4 weight percent of glyoxal. Polydiallyldimethyl ammonium chloride Is not needed for use as an 
adhesive but it is found in commercial products and is not detrimental to our operations. 

[0083] The preferred blends comprise about 2 to about 50 weight percent of the glyoxylated polyacrylamide, about 
40 to about 95 percent of polyacrylamide. Preferred glyoxylated polyacrylamldes are manufactured by Natco and have 
the following structure: 

50 



55 
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[0084] In the foregoing formula X, Y, and Z are whole numbers between 1 and 100. Suitable values of X and Y are 
the same or different. The value of Z may suitably be 0 but values of 1-10 are acceptable. As stated hereinabove the 
Z moieties do not significantly enhance the adhesive properties of the terpolymers or blends but are found in commercial 
products. 

[0085] Suitable polyaminoamide resins have the following structure: 



III II II II cie , 

[-C(CH2),C-NH(CH2)yNH(CH2)yNH-C-(CH2)^C-NH(CH2)y-^^^ (CH^jy-Nlj-^ 



\ / 

C 
/ \ 
HO H 



wherein X and Y have the same or different values from about 1 to 6. The preferred values are and X=4. The 
value of n is not critical since this is a thermo-setting polymer and the molecular weight increases by cross-linking when 
the polymer moiety comes in contact with the Yankee. The preparation of the polyaminoamide resins is disclosed in 
US-A-3,761,354. The preparation of polyacrylamide adhesives is disclosed in US-A-4 ,217,425. Rgures 9, 10, and 11 
demonstrate that the use of polyacrylamide adhesives improves the sidedness parameter of the novel tissue and 
therefore, are the preferred adhesives. The data also shows that a sidedness parameter below 0.3 is suitably obtained 
when using polyaminoamide adhesive. 

[0086] The tissue products prepared according to the process of this invention exhibit excellent surface friction prop- 
erties and a tow tensile modulus. As demonstrated in Rgure 3, all our tissue products have a surface friction below 
0.2 and a tensile modulus below 20. Commercial tissue prepared utilizing conventional CWP and TAD processes may 
have values reaching a tensile modulus of about 70 and surface friction in excess of about 0.26. A product having 
those properties tends to exhibit high sidedness, harsh texture and low consumer acceptance. 
[0087] Rgures 3 to 8 demonstrate superior properties of the one-ply low sidedness tissues. In all the figures, suitable 
low sidedness, softness, and strength properties are highlighted by a box in the graph. Suitably, products within the 
parameters of the box meet the novel one-ply tissue physical property parameters. All the graphs as well as examples 
utilize the (Monadic Home Use test Appropriate sources to these tests are referred to in Example 1. The commercial 
products set forth in the figures are identified as follows. Our products have the same code as they have in the examples. 
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Table I. (continued) 
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[0088] Rgure 3 shows the data for commercial products including premium two-ply and one-ply products. While 
Figure 4 indicates only our novel tissue and commercial one-ply products, both figures demonstrate that the claimed 

20 tissue has superior properties to one-ply CWP products available on the market 

[0089] Rgures 5 and 6 demonstrate that the novel one-ply tissue exhibits a perceived consumer strength of better 
than 3.6 and a consumer perceived softness of better than 3.5. This places the novel one-ply tissue In the company 
of premium two-ply or TAD produced one-ply tissue. The poor consumer softness and consumer strength values are 
shown for one-ply commercial products. 

25 [0090] Rgures 7 and 8 demonstrate that the novel one-ply tissue has superior consumer thickness and flushabttlty. 
In both figures, the novel tissue ranks with the best two-ply or TAD produced one -ply products. 
[0091] Rgures 9 to 11 show the effectiveness of use of the high adhesion creping adhesives to keep the creping 
force up and push the sidedness parameter below 0.3. These graphs illustrate that polyacrylamides are the preferred 
adhesives even though others are useful. In these figures, HPAE(1 ) and HPAE(2) are polyaminoamide epichlorohydrin 

30 type adhesives commercially sold as Rezosol® 8223 and Rezosol® 8290 by the Houghton International Corporation. 
In these figures, NA(2) is a commercial polyacryl amide type adhesive sold by the Naico Chemical Company as Nalcoat® 
7538. NA(1) is a developmental polyacrylamide type adhesive. 

[0092] Figures 15 to 20 clearly demonstrate that sidedness is reduced when the crepe angle is kept between 7CP 
and 80''. Keeping the creping angle in the range of about 70-80° reduces the sidedness for all tissue. Thus, even if a 

35 tissue has a sidedness parameter of about 0.3 when manufactured using crepe angle of 87°, the sidedness parameter 
can be further reduced to a lower value when the creping angle is decreased into the preferred range. 
[0093] Rgure 21 shows two photographs, one is of the stratified layer and the other is of an othen^vise identical 
product which is not chemically stratified and is used as a control to demonstrate chemical stratification of our tissue. 
This can be clearly seen on the photographs. The following is a description for the preparation of the chemically stratified 

40 tissue photographed, in Rgure 22. Two-layered base sheets employing chemical stratification and low angle creping, 
were manufactured on a paper machine which is a twin wire former. The furnish was 100% Northern softwood kraft 
with 40% by weight at the Yankee side and 60% at the air side. Three pounds per ton of starch was added to the 
Yankee side furnish and three pounds per ton of nitrogenous softener was added to the air side furnish. The resulting 
web was sprayed with softener while on the felt but after vacuum dewatering. The tissue was creped from the Yankee 

45 dryer at a creping angle of 72** with a 4% reel moisture at 22% crepe. Calendering of the wet press tissue controlled 
the caliper to about 1 .016 to 1 .27 mm (40 to 50 mils) per eight sheets. 

[0094] To demonstrate chemical stratification, we use tape pulls to split the sheet into two (top or Yankee and bottom 
or air side) sections. The sections are representative of 0-50 percent and 51-1 00 percent from sheet surface (Yankee 
surface of sheet). Next we used iodine to stain the exposed surfaces of the split sheet. Starch granules present In the 

50 section that is preferentially treated with starch will turn btue/black whereas the layer that was not preferentially treated 
with starch will retain the yellow color of iodine. This evidence of chemical stratification Is demonstrated In Rgure 21. 
[0095] Rgures 22 and 23 further demonstrate that the use of higher proportion of softwood on the Yankee side in 
addition to chemical stratification resulted in tissue exhibiting improved modulus and friction. This Is contrary to the 
teachings of Carstens et at. U5-A-4,300,981. It should be understood that softwood is equivalent to having long fibers 

55 as measured by the distribution of fiber lengths, fiber widths, and fiber coarseness. 

[0096] Figure 24 demonstrates that our tissue has low sidedness and excellent softness. The suitable and preferred 
properties of the novel tissue are indicated in the boxes on the graph. 

[0097] In a suitable embodiment of this invention, both starch and softener/debonder may be optionally utilized. 
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Depending on the furnish, the desired results can be achieved using chemical stratification of either the softener/ 
debonder or starch alone but both will preferably be used especially for furnishes either containing no hardwood or 
furnishes containing large amounts of recycled-fiber By applying these chemicals primarily to one stratum, chemical 
stratification is suitably achieved. In an alternate embodiment, softener or starch can be present in the separate furnish 

5 sources. Advantageously, the concentration of the softener in one furnish source may be from about 2 to about 75 
percent by weight of the softener in the other furnish source, It being impractical to obtain absolutely perfect segregation 
in commercial scale operations. The strength enhancing agent, preferably water soluble starch can be present in an 
amount of from about 1 to 10 lbs/ton In each furnish source but again it is preferred to concentrate the starch in the 
Yankee side layer but Impractical to achieve perfect segregation between the layers, it being understood that the 

10 quantity of the softeners and starch needed depends heavily on the type of cellulosic fibers utilized. The ratio of starch 
employed is in general proportional to the hardwood content of the furnish. The more hardwood the greater the ratio 
of starch in that particular furnish. The softener is suitably employed with coarser furnish comprising softwood and 
recycled fiber. 

[0098] Suitably, our process for the manufacture of a soft bathroom tissue product having a low sidedness comprises: 

15 

providing a moving foraminous support; 

providing a stratified headbox adjacent said moving foraminous support adapted to form a nascent web by depos- 
iting furnish upon said moving foraminous support, said stratified headbox having at least two plena; 
providing wet pressing means operatively connected to said moving foraminous support to receive said nascent 
20 web and for dewatering of said nascent web by overall compaction thereof; 

providing a Yankee dryer operatively connected to said moving foraminous support and said wet pressing means 
and adapted to receive and dry the dewatered nascent web; 

one plenum of said headbox being adapted to deposit a Yankee side stratum of furnish on said moving foraminous 
support such that, during drying of said nascent web, said Yankee side stratum will engage said Yankee; 

25 another plenum of said headbox being adapted to deposit a distal stratum of furnish on said moving foraminous 

support such that, during drying of said nascent web, said distal stratum will be spaced from said Yankee. In our 
process a furnish Is supplied to said one plenum comprising, optionally, strength enhancing agent and cellulosic 
papermaking fiber chosen from the group consisting of hardwood, softwood, and recycled fibers, and cationic 
nitrogenous softener/debonder, and another furnish to said other plenum comprising: 

30 cellulosic papermaking fiber chosen from the group consisting of hardwood, softwood, and recycled fibers, and 

cationic nitrogenous softener/debonder. In the process, a nascent web is formed by depositing said one furnish 
and said other furnish on said moving foraminous support, the overall concentration of cationic nitrogenous sof- 
tener/debonder in said nascent web being controlled to between about 1 to about 8 lbs/ton on a dry fiber basis. 
The concentration of cationic nitrogenous softener/debonder in said Yankee side stratum is kept at about 2% to 

35 no more than 75% of the concentration of said cationic nitrogenous softener/debonder in the distal stratum, com- 

plete separation being impractical. The nascent web is wet pressed and transferred to the Yankee dryer. The web 
is transferred to the Yankee for creping, and the recovering a creped, dried bathroom tissue product; and forming 
a roll of single-ply tissue. In our process, the relative amounts of softwood fibers, recycle fibers, hardwood fibers, 
and cationic nitrogenous softener/debonder in each of said strata are controlled so that said creped, dried tissue 

40 exhibits a sidedness parameter of no more than 0.3; a tensile modulus of no more than 32 grams/jDercent strain; 

a GM MMD of no more than about 0,23; a cross directional dry tensile strength of at least 2.62 g/mm (200 grams 
per 3 inches). 

Preferably, the tissue exhibits a sidedness parameter of less than 0.225; a tensile modulus of no more than 27 grams/ 

45 percent strain; a GM MMD friction of no more than about 0.21 . 

[0099] TAPPI 401 OM-88 (Revised 1 988) provides a procedure for the identification of the types of fibers present in 
a sample of paper or paperboard and their quality of estimation. Analysis of the amount of the softener debonder 
chemicals retained on the tissue paper can be performed by any method accepted in the applicable art For the most 
sensitive cases, we prefer to use x-ray photoelectron spectroscopy ESC A to measure nitrogen levels, the amounts in 

so each level being measurable by using the tape pull procedure described above combined with ESCA analysis of each 
"split". Nonnally, the background level is quite high and the variation between measurements quite high, so use of 
several replicates in a relatively modern ESCA system such as at the Perkin Elmer Corporation's model 5,600 is re- 
quired to obtain more precise measurements. The level of cationic nitrogenous softener/debonder such as Quasoft® 
202^R can alternatively be determined by solvent extraction of the Quasoft® 202-JR by an organic solvent followed 

55 by liquid chromatography detennination of the softener/debonder. TAPPI 41 9 OM-85 provides the qualitative and quan- 
titative methods for measuring total starch content. However, this procedure does not provide for the determination of 
starches that are cationic, substituted, grafted, or combined with resins. These types of starches can be determined 
by high pressure liquid chromatography. (TAPPI, Journal Vol. 76, Numbers.) 
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[0100] Tensile strength of tissue produced in accordance with the present invention is measured in the machine 
direction and cross-machine direction on an Instron tensile tester with the gauge length set to 101,6 mm (4 inches). 
The area of tissue tested is assumed to be 76.2 mm (3 inches) wide by 101.6 mm (4 inches) long. In practice, the 
length of the samples is the distance between lines of perforation in the case of machine direction tensile strength and 
5 the width of the samples is the width of tlie roll in the case of cross-machine direction tensile strength. A 9.07 kg (20 
pound) load cell with heavyweight grips applied to the total width of the sample is empbyed. The maximum load is 
recorded for each direction. The results are reported in units of per 76.2 mm" "grams per 3-tnch"; a more complete 
rendering of the units would be "grams per 76.2 mm (3-inch) by 101 ,6 mm (4-inch) strip." 

[0101] Softness is a quality that does not lend itself to easy quantification. J.D. Bates, in "Softness Index: Fact or 

10 Mirage?", TAPPI, Vol. 48 (1965), No. 4, pp. 63A-64A, indicates that the two most important readily quantifiable prop- 
erties for predicting perceived softness are (a) roughness and (b) what may be referred to as stiffness modulus. Tissue 
produced according to the present invention has a more pleasing texture as measured by sidedness parameter or 
reduced values of either or both roughness and stiffness modulus (relative to control samples). Surface roughness can 
be evaluated by measuring geometric mean deviation in the coefficient of friction using a Kawabata KES-SE Friction 

15 Tester equipped with a ftngerprint-type sensing unit using the low sensitivity range. A 25 g stylus weight is used, and 
the instnjment readout is divided by 20 to obtain the mean deviation in the coefficient of friction. The geometric mean 
deviation in the coefficient of friction or overall surface friction is then the square root of the product of the deviation in 
the machine direction and the cross-machine direction. Sidedness parameter is the ratio of air side f^MD to Yankee 
side MMD multiplied by overall surface friction. The stiffness modulus is determined by the procedure for measuring 

20 tensile strength described above, except that a sample width of 25.4 mm (1 inch) is used and the modulus recorded 
is the geometric mean of the ratio of 50 grams load over percent strain obtained from the load-strain curve. 
[0102] The strength and softness enhancing fibers found in tissues of the present invention may be chemically pulped 
softwood fibers, such as kraft softwood pulps, chemithermomechanlcal softwood fibers. Chemically pulped hardwood 
fiber, chemithermomechanlcal hardwood fibers, recycled fibers, and the like. 

25 [0103] Formation of tissues of the present invention as represented by Kajaani Formation Index Number should be 
at least about 50, preferably about 60, more preferably at least about 65, and most preferably at least about 70, as 
determined by measurement of transmitted light intensity variations over the area of the sheet using a Kajaani Paperlab 
1 Formation Analyzer which compares the transmitivity of about 250,000 subregions of the sheet The Kajaani Forma- 
tion Index Number, which varies between about 20 and 122, is widely used through the paper industry and is for 

30 practical purposes identical to the Robotest Number which is simply an older term for the same measurement. Tissues 
not containing bulk-enhancing additives should preferably have a higher Kajaani Formation Index Number of at least 
about 55. 

[0104] Unembossed cross directional dry tensile strength of tissues of the present invention will be at least about 
200 grams per 76.2 mm (3 inches). The total tensile will be at least 500 grams for 76.2 mm (3 inches) as measured 

35 by adding the machine direction and cross direction tensile strengths as measured on an Instron Model 4000: Series 
IX using cut samples 76.2 mm (3 inches) wide, the length of the samples being the between perforation distance in 
the case of machine direction tensile and the roll width in the case of the cross direction and employing the 0.907 kg 
(2 lb) load cell with lightweight grips applied to the total width of the sample and recording the maximum load then 
dividing by the ratio of the actual sample length to the "normal" sample length of 3 inches. The results are reported in 

40 grams 76.2 mm (3 inch) strip. 

[0105] The uncreped basis weight of each ply of the sheet is desirably from about 0.01 6 to about 0.044 kg /m? (about 
10 to about 27 lbs/3000 sq. ft. ream), preferably from about 0.019 to about 0.030 kg/m^ (about 12 to about 19 lbs/3000 
sq. Ft. ream) for single-ply sheets. Single-ply tissues of the present invention have a creped but calendered caliper of 
from about 1 .02 to about 2.03 mm (about 40 to about eighty -thousandths of an inch) per 8 plies of tissue, the more 

45 preferred tissues having a total caliper of from about 1.40 to 1.91 mm (55 to about 75 thousandths of an inch per 8 
plies), the most prefen-ed tissues have a caliper of from about 1 .40 to about 1 .52 mm (about 55 to about 60 thousandths 
of an inch per 8 plies). In the papermaking art, it is known that caliper is dependent on the number of sheets desired 
in the final product. 

[0106] When plies of these tissues are embossed, an emboss depth of at least about 0.508 mm (0.020 inch) should 
50 be used for nested embossing. The plies of these tissues are suitably embossed in the range of about 0.508 mm to 
about 2.79 mm (0.02 to about 0.11 inch.) 

[0107] The data in Table II sets forth physical properties of tissue which relate to softness, strength, and sidedness. 
The one-ply tissue of the present invention shows low sidedness, low overall GM MMD, and low modulus. These values 
are better than for competitive samples of CWP tissue. In fact, the properties of our tissue exceed or are at least 
55 substantially equivalent to the properties of the best TAD process products which we feel validates our claim to have 
succeeded in combining advantages of TAD and CWP processes. 
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Physical properties of tissue of ttie present Invention and commercial tissue. 




NAME 


PROCESS 


AIR GMMMD 


Yankee GMMMD 


OVERALL GMMMD 


SIDEDNESS 


GMT 


MODULUS g/% STRAIN 


ncMARKS 


C 


TAD 


.161 






154 


601 


16 1 


uOMMEnCIAL 


N 


TAD 


.237 


.240 


.236 


.233 


678 


27.4 


COMMERCIAL 


K 


TAD 


222 


.163 


.191 


.260 


637 


22.2 


COMMERCIAL | 


J 


CWP 


246 


.234 


.238 


.250 


685 


17.2 


COMMERCIAL 


S 


CWP 


.259 


.246 


.249 


.262 


997 


67.9 


COMMERCIAL 


W3T 


CWP 


.192 


.170 


.179 


.153 


516 


12.8 


PRESEI^rr INVENTION 


W4T 


CWP 


.152 


.188 


.169 


.209 


600 


15.4 


PRESENT INVENTION 


P33T 


CWP 


.199 


.181 


.189 


.207 


640 


11.6 


PRESENT INVENTION 


P35T 


CWP 


.201 


.200 


.200 


.199 


687 


14.9 


PRESENT INVENTION 


P34N 


CWP 


.203 


.197 


,200 


.194 


728 


23.5 


PRESENT INVENTION 
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Example 1 (W4T) 

[0108] Two-layered base sheets employing chemical stratification and tow angle creping were manufactured on a 
paper machine which is a twin wire former. The furnish was 100% Northern softwood kraft with 40% by weight at the 

5 Yankee side and 60% at the air side. Three pounds per ton of nitrogenous softener was added to the air side furnish 
in the wet end, no starch was used in this example. Further data are set forth in Table III. The resulting web was also 
sprayed with softener while on the felt after vacuum dewaterlng. The softener utilized was Quasoft® 202-JR manufac- 
tured by the Quaker Chemical Corporation. The softener is a mixture of linear amine amides and imidazolines. The 
hypothesized structure of the softener has been set forth in the specification. The tissue was creped at 22% crepe from 

TO the Yankee dryer with a 4% reel moisture using a creping blade maintained at a creping angle of 74. 5P. Calendering 
of the wet press tissue controlled the caliper to about 1 .02 to 1 .27 mm (40 to 50 mils) per eight sheets. The calendered 
base sheet was then converted by embossing in a rubber to patterned steel embossing nip with the Yankee side against 
the steel roll. The converted paper product so formed exhibited a basis weight of 0.0286 kg/m2 (17.9 pounds per 3000 
square foot ream), a machine direction tensile strength of 11 .7 g/mm (894 grams/3 inches), machine direction stretch 

15 of 19.8%, a geometric mean tensile modulus of 15.4 grams/percent strain, and an overall surface friction of 0.169 
which is comparable to the excellent TAD products. The sidedness parameter of this tissue was 0.209 whteh is fully 
comparable and substantially equivalent to excellent TAD products. 

[0109] When this tissue was submitted for consumer testing via the IVIonadic Home Use Test, overall preference was 
3.51 , and overall softness and strength were judged to be 3.84 and 3.89, respectively. The foregoing tests and the 
20 related other tests set forth in the following examples are described in the Blumkenship and Green textbook "State of 
The Art Marketing Research NTC Publishing Group", Lincoinwood, Illinois, 1993. 
[0110] #/ton means lbs per ton (US) 
[0111] 1 lb per ton (US) = 0.5 kg/tonne 
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Example 2 (W3T) 

[0112] The procedure of Example 1 was repeated except that the overall furnish was 50/50 mixture of Douglas Rr 
and Alder and embossing was performed with the air side of the sheet against the patterned steel emboss roll. The 

5 creping angle was 74.5*». No starch was employed in this example and 4 pounds of softener/debonder per ton of furnish 
was used. The converted paper product formed exhibited a basis weight of 0.028 kg/m2 (1 7.7 pounds per 3000 square 
foot ream), a machine direction tensile strength of 12.55 g/mm (956 grams/3 inches), machine direction stretch of 20.3, 
a geometric mean tensile modulus of 1 2.8 grams/percent strain, and an overall surface friction of 0.1 79. The sidedness 
parameter of this tissue was 0.158. When evaluated by Monadic HUT as described above, the overall preference was 

10 3.48, and overall softness and strength were judged to be 3.99 and 3.60, respectively. 

Example 3 (W5T) 

[01131 The procedure of Example 1 was repeated except that the base sheet was chemically stratified with starch 
15 and softener and tow angle creping was employed to crepe the product off the Yankee. The creping angle was 74.5°. 
In this example, 2.5 pounds of starch per ton of furnish was added to the Yankee layer but no softener/debonder was 
utilized at the wet end but three pounds of softener per ton of furnish was sprayed on the sheet while it was on the felt. 
Further details are set forth in Table III. The converted paper product formed exhibited a basis weight of 0.0286 kg/m^ 
(17.9 pounds per 3000 square foot ream), a machine direction tensile strength of 14.49 g/mm (1104 grams/3 inches), 
20 machine direction stretch of 19.8%. a geometric mean tensile modulus of 14.8 grams/percent strain, and an overall 
surface friction of 0.213. When evaluated by Monadic HUT as described above, the overall preference for this product 
was 3.18, and the overall softness and strength were judged to be 3.38 and 3.61, respectively. 

Example 4 (W6NS) : 

25 

[0114] Two layered base sheets employing chemical stratification, and low angle creping were manufactured on a 
paper machine which Is a twin wire former. The details of this example are set forth in Table III. This example has two 
prototypes. In prototype two, one pound of cattonic dye was used per ton of furnish. In both prototypes, three pounds 
of softener/debonder were utilized per ton of furnish. The furnish was 70% Northern softwood krafl at the air side and 

30 30% secondary fiber (recycle fiber) at the Yankee side. Three pounds per ton of nitrogenous softener used in Example 
1 was added to the atr side furnish in the wet end. Variants of this product were made by also adding basic viotet3 (a 
cationic dye) to the Yankee side furnish. The resulting web was additionally sprayed with softener used in Example 1 
while on the felt but after vacuum dewatering. The tissue was creped from the Yankee dryer at a creping angle of 74.5" 
with a 4% reel moisture at 20% crepe. Calendering of the wet press tissue controlled the caliper to about 1 .01 6 to 1 .27 

35 mm (40 to 50 mils) per eight sheets. The calendered base sheet was then converted by embossing with the Yankee 
side against the steel roll. The converted paper product formed exhibited a basis weight of 0.030 kg/nn^ (18.6 pounds 
per 3000 square foot ream), a machine direction tensile strength of 16.05 g/mm (1223 grams/3 inches), machine 
direction stretch of 22.8%, a geometric mean tensile modulus of 23.7 grams/percent strain and an overall surface 
friction of 0.194. The sidedness parameter of this tissue was 0.225. 

40 [Oil 5] This tissue was subjected to consumer testing through the use of a Mini Home Use Test, where it was directly 
compared (head to head) to Surpass® bath tissue, a two-ply product made by Klmberly Clark Corporation. The overall 
preference was 70/30 win in favor of W6NS. 

[Oil 6] Examples 5-7 illustrate the process for the manufacture of single-layered homogenous tissue utilizing furnish- 
es from at least two conduits. Table IV sets forth details for the homogenous examples including: composition of furnish 
45 one and furnish two, sheet structure, and comments relating to the addition of softener/debonder or starch. 

Example 5 (P34D): 

[0117] A single-layer sheet was formed by using furnishes from at least two conduits or sources and applying chem- 
50 icals of different functionalities to each furnish source and then combining the furnishes at the suction to the fan pump 
prior to deposition on the forming fabric. Base sheet made by combining the two furnishes was made on a crescent 
former and creped off the Yankee. The furnish was 60% Southern hardwood kraft and 40% Southern softwood kraft 
The resulting web was sprayed with softener used in Example 1 in the amount of 3 IbsAon of furnish while on the felt 
but after vacuum dewatering. The tissue was creped from the Yankee dryer using a blade set at a creping angle of 
55 88". Calendering of the wet pressed tissue controlled the caliper to about 1 .016 to 1.27 mm (40 to 50 mils) per eight 
sheets. The calendered base sheet was embossed to form finished products. The converted paper product formed 
exhibited a basis weight of 0.0272 kg/m^ (17.0 pounds per 3000 sq.Ft ream) machine direction stretch of 29.3%, a 
geometric mean tensile modulus of 16.0 grams/percent strain and an overall surface friction of 0.202. The sidedness 



19 



EP 0 675 225 B1 



parameter of this tissue was 0.214. When this tissue was submitted for consumer testing via the Monadic Home Use 
Test, overall preference was 3.32, overall softness and strength were judged to be 3.47 and 3.50, respectively. 

Example 6 (P33T); 

5 

[0118] The procedure of Example 5 was repeated except that the furnish was 60/40 mixture of Northern hardwood 
kraft and Northern softwood kraft and the web was creped from the Yankee using a blade maintained at a creping 
angle of 88°. Details of this experiment are set forth in Table IV, it should be noted that three pounds of softener per 
ton of furnish was employed. Six pounds of starch was added per ton of furnish. The converted paper product formed 
10 exhibited a basis weight of 0.0254 kg/m^ (1 5.9 pounds per 3000 square foot ream), a machine direction GM tensile 
strength of 14.01 g/mm (1068 grams/3 inches), machine direction stretch of 27.3, a geometric mean tensile modulus 
of 11 .6 grams/percent strain and an overall surface friction of 0.189. The sidedness parameter of this tissue is 0.207. 
The overall preference was 3.28 and overall softness and strength were judged to be 3.82 and 3.40, respectively 

IS Example 7 (P35T): 

[0119] The procedure of Example 6 was again repeated but low angle creping was used to crepe the sheet off the 
Yankee, the web being creped from the Yankee using a blade maintained at a creping angle of 73°. Details of this 
experiment are set forth in Table IV, it should be noted that three pounds of softener and fifteen pounds of starch per 

20 ton of furnish was employed. The converted paper product formed exhibited a basis weight of 0,0267 kg/m^ (16.7 
pounds per 3000 square foot ream), a machine direction GM tensile strength of 14.46 g/mm (1102 grams/3 inches), 
machine direction stretch of 26.7, a geometric mean tensile modulus of 14.9 grams/percent strain and an overall surface 
friction of 0.200. The sidedness parameter of this tissue was 0.199. When subjected to evaluation by Monadic HUT 
as described above, the overall preference was 3.28 and overall softness and strength were judged to be 3.59 and 

25 3.58, respectively. Accordingly, it can be appreciated that the lower creping angles produce tissue exhibiting a significant 
improvement in perceived softness and a significant decrease In perceived sidedness. 

Example 8 (P34N): 

30 [0120] The procedure of Example 7 was repeated except that a conventional creping angle was used/the web being 
creped from the Yankee using a blade maintained at a creping angle of 88°. Details of this experiment are set forth in 
Table IV, it should be noted that three pounds of softener per pound of furnish was employed. Fifteen pounds of starch 
was used as set forth in Table IV. The converted paper product formed exhibited a basts weight of 0.0237 kg/m^ (14.8 
pounds per 3000 square foot ream), a machine direction GM tensile strength of 12.45 g/mm (949 grams/3 inches), 

35 machinedirectionstretchof 27.4, a geometric mean tensile modulus of 15.2 grams/percent strain and an overall surface 
friction of 0.205. The sidedness parameter of this tissue was 0.194. When tested by sensory panels as described 
above, the overall preference was 3. 1 7 and overall softness and strength were judged to be 3.04 and 3.60, respectively. 
[0121] Examples 9 to 11 demonstrate the role of adhestves in producing a tissue having low sidedness. The results 
of Examples 9-11 have also been set forth in Figures 9 to 11 and the results have-been discussed hereinabove. In 

"fo Table IV, details of these experiments are set forth. In none of these examples was starch used. Softener was used in 
Examples 9 and 11 as set forth in Tables V and VI). 
[0122] #/ton = lbs per ton (US) 
[0123] 1 lb/ton (US) = 0.5 kg/tonne 
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Example 9 

[0124] A furnish of 50% Northern hardwood kraft and 50% Northern softwood Kraft is prepared without using the 
other sidedness control tools described above to demonstrate the effect of using high adhesion creping. The paper* 
5 making machine is an inclined wire former with a Yankee drier speed of 30,5 m (100 ft.) per minute. As set forth in 
Table V, two-tenths of a pound of the specified adhesive per ton of furnish was sprayed directly on the Yankee; the 
amount of softener sprayed on the Yankee side of the sheet is set forth in Table V. The creping angle was maintained 
constant at 72°. 

[0125] The properties of the paper products fomied are set forth In Table V. The table shows that with the use of 
10 HPAE 1 polyamlnoamtde adhesive, softener has to be added in amounts less than four pounds per ton of furnish to 
keep the two sidedness low. 



Table V. 



Surface friction components and adhesion for uncalendered one-ply base sheet with softener sprayed on air side 
of sheet on Yankee. 


Adhesive 
(0.2#/T) 


GMMMD 
Overall 


GM Air Side 
(A) 


GM Yankee 
Side (Y) 


Sidedness 
Parameter S 


Peel Force g/ 
304.8 mm (g/ 
12-) 


Softener (#/T) 
*« 


HPAE(l) 


0.325 


0.380 


0.270 


0.457 


296 


1 


NA1 


0.249 


0.275 


0.223 


0.307 


714 


1 


HPAE (1) 


0.553 


0.654 


0.451 


0.802 


104 


4 


NA1 


0.306 


0.340 


0-272 


0.382 


366 


4 



* 50/50 Burgess hardwood kraft/Northem softwood kraft furnish (500 CSF)« homogenous sheet, wire speed = 100 tt/min BW » 14.5 #/rm (o.d.), 8 
deg. bevel, 18% crepe. 

** Quasoft® 202- J R soften ersp rayed on the Yankee 



[0126] It can be appreciated that even use of high adhesion creping alone is sufficient to substantially reduce the 
sidedness of the sheet and move it toward the preferred range. 

Example 1 0 

[0127] A furnish of 50% southern hardwood kraft and 50% Northern softwood kraft was prepared without stratification 
of either chemicals or fiber. The papermaking machine was a crescent former with a Yankee drier speed of 0.94 m/ 
sec (1 ,852 ft per minute). Calendering was utilized to control the caliper to approximately 0.737 mm (29 mils) per eight 
sheets. About 0.15 pounds of adhesive per ton of furnish was sprayed directly on the Yankee. In this example neither 
starch nor a softener/debonder were added. Further details are set forth In Table VI. The creping angle was kept at 
72**. The sidedness parameter was 0.225 to 0.27 and the sheet tension varied between 387 gms/609.6 mm (24") to 
1,634 gms/609.6 mm (24"). 



Table VI. 



Surface friction components and adhesion (as measured by sheet tension) for calendered one-ply base sheet with 
release oil. 


Spray"* 
Material 


GMMMD Overall 


GM Air Side (A) 


GM Yankee Side 
(Y) 


Sidedness 
parameter S** 


Sheet Tension 
g/609.6 mm (g/ 
24") 


1 


0.23 


0.25 


0.21 


0.274 


387 


2 


0.21 


0.23 


0.18 


0.268 


857 


3 


0.21 


0.22 


0.20 


0.231 


1634 



* 50^0 Southern hardwood kraft, Morthem softwood kraft relinlng = 30. hp, 15 deg. bevel. 18% crepe, homogenous sheet, wire speed » 1 .852 ft/ 
min. BW o 0.0272 kg/m^ (17 *rm) (4% moisture). 

" Side ness parameter S caicuiated as set forth on page 1 7 of the spedlication. 



1 » Release oii (1 #/T) 

2 « 0.1 5 m HPAE (2} + 1 .0 #/T Release oii 

3 o 0.1 5 #/r NA (2) + 1 .0 #/T Release oil 
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Example 1 1 

[01 28] A furnish of 50% Northern hardwood kraft and 50% Northern softwood kraft was prepared. The papermaking 
machine was an inclined wire former with a Yankee drier speed of 30,5 m (100 ft.) per minute. Two-tenths of a pound 
5 of the adhesive per ton of furnish was sprayed on the Yankee. About 0 to 4 pounds of the softener was sprayed on 
the air side of the web. In this example, no starch was added. Further details are set forth in Table VII. The creping 
angle was 72**. 

[0129] The properties of the paper products formed are set forth in Table VII. The softener was sprayed on the air 
side of the sheet and the adhesive was sprayed on the Yankee metal. 

10 

Table VII. 



Adhesive 
(0.2#yT) 


GMMMD 
Total 


QM Air Side 
(A) 


GM Yankee 
Side (Y) 


Sidedness 
Parameter 
S" 


Peel Force g/ 
304.8 mm (g/ 
12-) 


Softener (#/T) 
*** 


HPAE (2) 


0.286 


0.310 


0.262 


0.338 


628 


0 


HPAE (2) 


0.283 


0.301 


0.266 


0.320 


620 


0.2 


HPAE (2) 


0.281 


0.337 


0.225 


0.421 


545 


1 


HPAE (2) 


0.365 


0.398 


0.331 


0.439 


220 


4 



• 50/50 Northern hardwood kraft/Northem softwood kratt furnish (500 CSF), homogenous sheet, wire speed = 0.508iTi/sec (1O0 ft/nnln) BW ■= 0,023 
kg/m2 (14.5 #/rm) (o.d.). 8 deg. bevel, 18% crepe 

" Sidedness parameters calculated as set forth on page 17 of the specification. 



25^ [0130] Examples 12,13. and 14 illustrate that our novel process allows us to generate tissue products made at high 
levels of softwood that have softness values that are, at equivalent strength, comparable in softness to sheets con- 
taining significant (35% or more)^amounts of hardwood. Further details on these examples are set forth in Table III. 

Example 1 2 

30 

[0131] Base sheets employing chemical stratification were manufactured on a papermaking machine which is a twin 
wire former with a Yankee drier speed of 20.32 m/sec (4,000 ft. per minute). Two furnishes were used during the trial: 
a 60/40 blend of Northern softwood kraft/Eucalyptus and a 100% Northern softwood krafL In both cases the furnish 
used in each of the base sheet's two layers was the same; however, softener was added to the air side furnish of the 
35 sheet For the 100% Northern softwood kraft sheet, starch was added to the Yankee side furnish. Further details in 
this example are set forth in Table III. 

[0132] The base sheets were converted to a finished tissue product using a number of emboss patterns. Data on 
the strength and softness of these converted products, along with that for some commercial products is shown in Table 
VIII and in Rgures 22 and 23. 

40 



Table VIII. 



Sensory Softness of Tissue Products 


A. 


Furnish: 60% Northern softwood kraft/40% Euc. 


Commercial Emboss Pattern Used by Assignee 


GMT 


Sensory Panel Softness 


Tl 


422 


18.20 


Nc 


452 


17.92 


Chi 


441 


17.81 


B. 


Furnish: 100% Northern softwood kraft 


Commercial Emboss Pattern Used by Assignee. 


GMT 


Sensory Panel Softness 


Tl 


408 


18.23 
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Table VIII. (continued) 



Sensory Softness of Tissue Products 


B. 


Furnish: 100% Northern softwood kraft 


Commercial Emboss Pattern Used by Assignee 


GMT 


Sensory Panel Softness 


Nc 


440 


17.90 


Chi 


526 


17.41 








Commercial Products 


Name Name 


GMT 


Sensory Panel Softness 


Q 


674 


17.54 


C 


596 


17.41 


CO 


514 


18.56 


K 


586 


16.70 


Note: A sensory softness difference of 0.4 is considered 
level. 


statistica 


ly significant at 95% confidence 



15 



25 



35 



40 



45 



50 



55 



[0133] As is evident from the softness values, the chemically stratified one-ply products are quite similar in softness 
to commercial two-ply CWP and one-ply TAD products. 

Example 13 * 

[0134] Two-layer, one-ply tissue products were made on a papermal^ing machine which is an inclined wire former 
with a Yankee drier speed of 0.508 m/sec (100 ft. per minute). The layering procedures and furnish compositions for 
the products are shown in Table IX. The products were produced at a basis weight of 0.0272 kg/m^ (17 lbs/ream). 
Starch was added to the Yankee side furnish at levels of 0-6 lbs/ton of furnish to produce products having different 
strength levels. Further experimental details for this experiment are set forth in Table III. 

Table IX. 



Furnish of One-Ply Tissue prototypes 


Prototype Number 


Yankee Side % of 
Total Sheet Furnish 


Yankee Side % 
Furnish 


Air Side % of Total 
Sheet Furnish 


Air Side % Furnish 


1 


35 


100% Northern 
Softwood Kraft 


65 


100% Northern 
Hardwood Kraft 


2 


65 


54% Northern 
Softwood Kraft 
46% Northern 
Hardwood Kraft 


35 


100% Northern 
Hardwood Kraft 


3 


65 


100% Northern 
Softwood Kraft 


35 


100% Northern 
Softwood Kraft 



[0135] As shown in Table III, product 3 was prepared in four versions all had five pounds of softener added but the 
amount of starch added was as follows: for prototype 3(A) 0, 3(B) two pounds per ton of furnish, 3(C) four pounds per 
ton of furnish, and 3(D) 6 pounds per ton of furnish. Thus, although the furnish on both sides of the sheet are the same 
for this product, the sheet has been chemteally stratified by treating the Yankee side with a strengthening agent and 
the air side with a softening chemical. 

[0136] The tissues base sheets were embossed using the Tl pattern at an emboss depth of 1 .85 mm (0.073") to 
produce finished tissue rolls. 

[0137] Figure 13 shows the uncalendered base sheet caliper of the products as a function of their tensile strength. 



25 



EP 0 675 225 B1 



As can be seen from the graph, use of the softwood kraft fibers in both layers of the sheet has allowed the generation 
of a sheet with higher bulk at a given tensile strength than was possible for the sheets containing both softwood kraft 
and hardwood kraft However, it would be expected that the all-softwood kraft sheet would be less soft than would the 
sheets made from fiber blends, as the air side of its sheet contains coarser softwood fibers as compared to the other 
5 sheets which have a less-coarse hardwood furnish on their air sides. 

[0138] Figure 14, which shows the sensory softness of the converted products made from the various base sheets, 
shows that the all-softwood kraft sheets made using chemical stratification is as softer softer than the products made 
with the hardwood kraft/softwood kraft furnish. The use of chemical stratification has allowed the production of a one- 
ply product with both high softness and high bulk. 

10 

Example 1 4 

[0139] One-ply, two layer tissue base sheets were made on a papermaking machine which is a crescent former with 
a Yankee drier speed of 8.64 m/sec (1 ,700 ft. per minute). Two furnish compositions were employed, a 65% Northern 

15 softwood kraft; 35% Northern hardwood kraft furnish with all of the Northern softwood kraft on the Yankee side of the 
sheet, and a 100% Northern softwood kraft furnish. This tatter furnish, however, was divided 65%/35% between the 
Yankee and air layers. The stock on the air side was treated with four pounds of softener per ton of furnish. To obtain 
the desired strength, three pounds of starch per ton of furnish were added to the Yankee side of the sheet . For the 
Northern softwood kraft/Northem hardwood kraft furnish, 2.4 pounds of softener per ton of furnish were added to the 

20 Yankee side to decrease the tissue strength to the desired level. Further details for this example are found in Table III. 
[01 40] The base sheets were converted to finished tissue product using the Tl emboss pattern at a penetration depth 
of 2.34 mm (0.092"). The products were tested for sensory softness by a softness panel. 

[0141] The results of the softness panel are shown in Table X, below. As can be seen, the two products have similar 
sensory softness values, Indicating that the use of chemical stratification has allowed the use of a higher fraction of 
25 the coarser softwood kraft fibers in the tissue furnish with no decrease In softness. 



• Table X: 



Sensory Softness of One-Ply Tissue Prototypes 1 


Furnish 


GM Tensile g/76.2 mm (g/3") 


Sensory Panel Softness 


60% Northern Softwood Kraft 
40% Northern Hardwood Kraft 


559 


16.81 


100% Northern Softwood Kraft 


592 


16.73 



35 

Low Creping Angle Examples 

[01 42] Examples 1 5, 16, and 1 7 show that the difference between air and Yankee side friction deviation values were 
advantageously decreased by the use of a creping angle that is lower than that which is considered optimum for the 
40 production of two-ply products. These examples demonstrate the advantage of low angle creping. 

Example 1 5 

[0143] The base sheets were manufactured on a paper machine using foam forming. The base sheet basis weight 
45 was targeted at 0.0272 kg/m2 (17 lbs/ream). The sheets were all three layer, with the outside layers, which were 
composed of 1 00% Eucalyptus, each making up 30% of the total sheet The remaining 40% of the sheet was composed 
of a blend of 62.5% Northern softwood kraft; 37,5% HBA converted pulp which provides bulk. Sheets of various strength 
levels were made by refining the Southern Softwood Kraft. Further details are set forth in Table III. In this example, 
neither starch nor softener/debonder was used. The sheets were made at a machine (Yankee) speed of 10.16 m/sec 
50 (2,000 ft/min) and employed a 20% crepe ratio. The base sheets were creped at either an 87 or a 72 degree crepe 
angle. The angle was changed by using either a 15 or 0 degree beveled creping blade. 

[0144] The base sheets were converted to finished tissue rolls using the Tl emboss pattern. The sheets were em- 
bossed at a depth of 1 .85 mm (0.073") with the air side of the sheet against the steel emboss roll. 
[0145] Figure 15 shows the Yankee and air side friction deviation values for the two sides of the embossed tissue 
55 sheets as a function of their tensile strengths. As can be seen from the figure, the MMD values for the Yankee and air 
sides of the tissues made from base sheets creped at the 72 degree angle are much closer together than are those 
for the products made from base sheets creped at an 87 degree angle. Thus, the products creped at the lower angle 
will have less two-sidedness than will the tissues creped using the higher crepe angle. This tower two sidedness for 
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the tissue whose base sheet was creped at the 72° angle is also Illustrated in Rgure 18, which plots the sidedness 
parameter as a function of geometric mean tensile strength. 

Example 16 

5 

[0146] Tissue base sheets were made on a papermaking machine which is a crescent former with a Yankee drier 
speed of 10.31 m/sec (2,030 ft. per minute), the crepe ratio was 25% at a targeted basts weight of 0.0272 kg/m2 (17 
lbs/ream). The base sheets were water formed and homogenous. The furnish for the tissues vyas a blend of 60% 
hardwood kr aft/40% softwood kraft. Two different furnish blends were employed: an all-Northern furnish and an all- 

10 Southern furnish. The amount of starch used varied from about zero pounds per ton of furnish to fifteen pounds per 
ton of furnish. Three pounds of softener were sprayed on the air side per ton of furnish. Further details for this example 
are set forth in Table IV. The strength of the tissue base sheets was controlled by adding starch to the softwood kraft 
portion of the furnish. The Yankee speed for this example was 10.31 m/sec (2,030 ft/min); the crepe ratio was 25%. 
The sheets were made at creping angles that varied between 88 and 73 degrees. The angle was varied by changing 

15 the crepe blade from a 0-degree (square) blade to blades having bevel angles of up to 15 degrees. 

[01 47] Some of the base sheets were converted into finished product. The sheets were embossed using the Tl pattern 
at an emboss depth of 2.29 mm (0.090"). The Yankee side of the sheet was placed against the steel emboss roll during 
the embossing process. 

[0148] The friction deviation values for the Yankee and air sides of the embossed tissue product as a function of 
20 their strength are shown in Figure 16 and 17. Figure 16 shows the results for the tissue made from the all-Northern 
furnish, while the values for the products made from the Southern furnish are shown in Figure 17, In both cases the 
GM MMD values for the products whose base sheets were manufactured using the 73° crepe angle are closer to each 
other than are those tissues whose base sheets were creped at 88 or 83 degrees. Figures 19 and 20, which show the 
sidedness parameter as a function of geometric mean tensile for the Northern and Southern furnish tissues respectively. 
25 Further illustrates the lower sidedness obtained with the lower creping angle. 

Example 17 * 

[0149] The tissue base sheets were water formed and consisted of 3 layers. The air side layer, which composed 
30 25% of the total sheet consisted of 1 00% Eucalyptus. The center layer made up 50% of the sheet and was made of a 
30/40/30 blend of Southern softwood kraft, chemithermomechanical pulp, and HBA commercial pulp which provides 
bulk. The remaining 25% of the sheet comprised the Yankee layer which was composed of 100% Northern softwood 
kraft. Only a single strength level was made. The machine speed for this experiment was 16,9 m/sec (3330 ft/min) and 
the crepe ratio was 1 9%. The tissue base sheets were made with either an 85 or a 70 degree creping angle which was 
35 achieved by changing the blade angle from 15 to 30 degrees. The crepe blade itself had a bevel of 10 degrees. As 
shown in Table III, softener was not added to the furnish but a total of 13 pounds of starch per ton of furnish were 
utilized. One pound of the starch was added to the Yankee layer furnish and 12 pounds was added to the middle layer 
furnish. 

[0150] The base sheets from this experiment were converted using the Tl emboss pattern. The emboss depth em- 
40 ployed was 2.34 mm (0.092"). The sheets were embossed with their Yankee sides against the steel emboss roll. 

[01 51] Table XII compares the relevant sheet properties for the tissues whose base sheets were manufactured using 
the different creping angles. As was the case in the previous examples, the friction deviation values for the air and 
Yankee sides are closer together for the product whose base sheet was creped at 70° than for the tissue made from 
the base sheet that employed an 85* crepe angle. 

45 



Table XI: 





Physical Properties of Embossed Tissue Products 




Creping Angle 
(deg) 


Basis Weight 
(Ibs/rm) kg/m2 


GM Tensile g/ 
76.2 mm (g/3") 


Friction Deviation 


Sidedness 
Parameter 








Yankee Side (GM 
MMD) 


Air Side (GM 
MMD) 




85 


0,0257(16.08) 


494 


0.199 


0.219 


.229 


70 


0.0253(15.84) 


468 


0.200 


0.204 


,206 



[0152] In addition to reducing two-stdedness, using a lower creping angle will also result in increased base sheet 
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thickness, which will aid the ability to generate the desired embossed caliper and should aid in the consumers perception 
of the tissue's bulk or thickness. For Example 15, no increase in thickness was seen with the tower crepe angle; this 
is probably due to the fact that the sheets contained HBA commercial pulp which provides bulk; the contribution of this 
bulking fiber to the sheet's thickness overshadowed any effect due to creping angle. However, in both Example 1 6 and 
5 Example 17 increases in base sheet caliper were seen. For Example 17, the base sheet results are shown in Table 
XIII for calendered base sheets. 



Table XII: 



Physical Properties of Base Sheets 


Creping Angle 
(deg) 


Basis Weight 
kg/m2 (Ibs/rm) 


Caliper mm/8 
sheets (mil/ 
Ssheets) 


MD Tensile g/ 
76.2 mm (g/3") 


CD Tensile g/ 
76.2 mm (g/3") 


MD Str (%) 


CD Str (%) 


85 


0.0264(16.5) 


1.28 (50.2) 


1228 


598 


27.4 


5.8 


70 


0.0262(16.4) 


1.39 (54.6) 


1204 


614 


23.0 


6.0 



Example 18 



20 [01 53] This example discloses a low sidedness tissue produced by the brushed and embossed process in which the 
steel pattern roll of the embossing nip engages the Yankee side of the sheet while the rubber roll in the nip engages 
the air side. 

[0154] Base sheets were manufactured on a papermaking machine which is a crescent former with a Yankee drier 
speed of 10.16 m/sec (2,000 ft. per minute). The air side furnish was 100% Northern softwood kraft and was 40% by 
25 weight of total sheet. The Yankee side furnish was a mixture of Northern hardwood kraft (30% of layer) and Northern 
softwood kraft (70% of layer). The Yankee side furnish was 60% by weight of total sheet. As shown in Table III, four 
pound starch per ton of furnish were added to the Yankee layec..j^o.softener/debonder was used. The starch was 
added to the Yankee layer of the sheet for strength enhancement 

[0155] Base sheets were converted to finished tissue product using the regular emboss pattern and bmshed emboss 
3Q pattern. The summary of test results is listed in Table XIII. 



Table XIII: 



The Physical Properties of Tissue Products 


Product 


Embossing 
Depth mm 
(0.001") 


Caliper mm/8 

sheets 
(0,OOrV8st) 


GMT g/76.2 
mm (g/3") 


Tensile 
Modulus (g/% 
Strain) 


Friction 
Deviation 
(MMD) 


Sideness 
Parameter 


Base Sheet 




1.29 (50.8) 


1688 


27.3 


0.207 


0.21 


Regular 
Embossed 


1.905 (75) 


1.39 (54.8) 


1281 


14.5 


0.200 


0.194 


Bojshed 
Embossed 


1.39 (54.9) 


1544 


14.3 


0.202 


0.188 


Regular 
Embossed 


2.286 (90) 


1.40 (55.1) 


1218 


14.4 


0.216 


0.217 


Brushed 
Embossed 


1.55 (60.9) 


1377 


11.9 


0.203 


0.201 



50 [0156] As is evident from the caliper, friction deviation, tensile modulus, and GMT, the embossed sheet converted 
using brushed emboss roll resulted in tissue with bwer sidedness and also produced tissue with lower friction and 
modulus even at higher strength levels. The lower tensile modulus and friction associated with the brushed emboss 
process means higher softness of brushed embossed tissue. 

55 Example 19 (Control) 

[0157] This tissue was fiber stratified but not chemically stratified, and the example Illustrates that chemical stratifi- 
cation improves the softness and related physical on which acceptable consumer testing results are based on the 
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Monadic HUT. As shown in Table III. the tissue comprises three layers. The Yankee layer comprised 20% by weight 
of the total furnish and consisted of Northern hardwood. The middle layer comprised 60% by weight of the furnish and 
1/2 of this middle layer consisted of recycled fiber, 1/4 of the middle layer consisted of broke, and 1/4 of the middle 
layer consisted of softwood. The third layer, the air layer, comprised 20% of the furnish by weight and consisted of 
5 Northern hardwood. 

[0158] The procedure of Example 1 was repeated except the base sheet was not chemically stratified. The base 
sheet was creped from the Yankee with tow creping angle of 72** and the crept ng procedure set forth herein above. 
The converted paper product formed exhibited a basis weight of 0.0298 kg/m^ (18.6 pounds per 3000 square foot 
ream), a machine direction GM tensile strength of 900 grams/(76,2 mm) 3 inches, machine direction stretch of 1 5.4%, 
10 a geometric mean tensile modulus of 21 grams/percent strain and an overall surface friction of 0.1 97. When this tissue 
was submitted for consumer testing via the Monadic Home Use Test, overall preference was 2.79, overall softness 
and strength were judged to be 2.79 and 3.34, respectively. 



15 Claims 

1 . A single-ply bathroom tissue product comprising singleiDly tissue formed by conventional wet pressing of a cellu- 
lostc web, adhering said web to a Yankee and creping said web from said Yankee, characterised in that said tissue 
incorporates a non-delaminated structure comprising at least two compositionally differentiated strata, said struc- 

20 ture having a sidedness parameter S of no more than 0.3, a tensile modulus of no more than 32 grams/|Dercent 

strain, a geometric mean friction deviation GM MM D of no more than 0.23, and a cross directional dry tensile 
strength of at least 200 grams per 76.2 mm (3 inches). 

2. A single-ply bathroom tissue product as claimed in claim 1 , including: 

25 

a first stratum comprising cellulosic papermaking fiber chosen from the group consisting of hardwood, soft- 
wood, and recycled fibers, and catlonic nitrogenous softener/debonder, and said first stratum having been in 
contact with said Yankee; 

a second stratum comprising cellulosic papermaking fiber chosen from the group consisting of hardwood, 
30 softwood, and recycled fibers, and catlonic nitrogenous softener/debonder; 

the overall concentration of catlonic nitrogenous softener/debonder in said single-ply bathroom tissue product 
being between 0.5 to 4 kg/t (1 to 8 lbs/ton). 

3. A single-ply bathroom tissue product as claimed in claim 2 characterised In that the concentration of catlonic 
35 nitrogenous softener/debonder in said first stratum is from 2% to no more than 75% of the concentration of said 

catlonic nitrogenous softener/debonder in the second stratum. 

4. A single-ply bathroom tissue product as claimed in claim 2 or claim 3 characterised In that 

^0 said first stratum comprises a major portion of recycle fiber, optionally catlonic nitrogenous softener/debonder, 

and optionally, a minor portion of another fiber chosen from the group consisting of hardwood fiber, softwood 
fiber, and mixtures thereof, and also optionally, strength enhancing agent; 

said second stratum comprises a major portion of softwood fiber, optionally cationic nitrogenous softener/ 
debonder, and optionally, a minor portion of another fiber chosen from the group consisting of hardwood fiber, 
recycle fiber, and mixtures thereof, and also optionally, strength enhancing agent; 
the amount of recycle fibers in said first stratum being at least 60% by weight of the first stratum; 
the amount of softwood fibers in said second stratum being at least 60% by weight of the second stratum; 
the combined amount of softwood and hardwood fibers in said first stratum being no more than 20% of the 
combined amount of softwood and hardwood fibers in said second stratum; 
50 the amount of recycle fibers in said second stratum being no more than 20% of the amount of recycle fibers 

in said first stratum; 

the overall concentration of strength enhancing agent in said single-ply bathroom tissue product being from 
0.543 kg/t (1 to 6 lbs/ton) whenever the amount of hardwood in the second stratum exceeds 20%; and 
the concentration of strength enhancing agent in said second stratum being no more than the greater of 0.25 
55 kg/t (0.5 lbs/ton) or 20% of the concentration of said strength enhancing agent in the first stratum whenever 

the overall concentration of strength enhancing agent In said stngle-ply bathroom tissue product exceeds 0.5 
kg/t (1 lb/ton). 
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5. A tissue as claimed in claim 4 characterised tn that the amount of recycle fibers in said first stratum is at least 75%. 

6. A single-ply bathroom tissue product as claimed in claim 2 or claim 3 characterised in that 

5 said first stratum comprises a major portion of softwood fiber, cation ic nitrogenous softener/debonder, and 

optionally, a minor portion of another fiber chosen from the group consisting of hardwood fiber, recycle fiber, 
and mixtures thereof, and also optionally, strength enhancing agent, 

said second stratum comprises softwood fiber, cationic nitrogenous softener/debonder and optionally, another 
fiber chosen from the group consisting of hardwood fiber, recycle fiber, and mixtures thereof, and also option- 
10 ally, strength enhancing agent; 

the amount of softwood fibers in said first stratum being at least 60% by weight of the first stratum; 
the amount of softwood fibers in said second stratum being at least 40% by weight of the second stratum; 
the amount of hardwood fibers in said first stratum being no more than 40% of the amount of hardwood fibers 
in said second stratum; 

15 the overall concentration of strength enhancing agent in said single-ply bathroom tissue product being from 

1 to 6 lbs/ton whenever the amount of hardwood in the second stratum exceeds 20%; and 
the concentration of strength enhancing agent in said second stratum being no more than the greater of 0.25 
kg/t (0.5 lbs/ton) or 20% of the concentration of said strength enhancing agent in the first stratum whenever 
the overall concentration of strength enhancing agent in said single-ply bathroom tissue product exceeds at 

20 least 0.5 kg/t (1 lb/ton). 

7. A tissue product as claimed in claim 6 characterised in that the amount of hardwood fiber in the first stratum is not 
more than 30%. 

25 8. A single-ply bathroom tissue product as claimed in claim 2 or claim 3 characterised in that 

said first stratum comprises softwood and recycle fibers^.a strength enhancing agent, and cationic nitrogenous 
softener/debonder; 

said second stratum comprises softwood, hardwood and recycle fibers, cationic nitrogenous softener/ 
debonder and optionally, strength enhancing agent; 

the overall concentration of strength enhancing agent in said single-ply bathroom tissue product being from 
at least 0.05 to 3 kg/t (1 to 6 lbs/ton); and 

the concentration of strength enhancing agent In said second stratum being no more than the greater of 0.25 
kg/t (0,5 lbs/ton) or 30% of the concentration of said strength enhancing agent in the first stratum. 

A single-ply bathroom tissue product as claimed in claim 2 or claim 3 characterised in that: 

said first stratum comprises recycle fiber, cationic nitrogenous softener/debonder, and optionally, another fiber 
chosen from the group consisting of hardwood fiber, softwood fiber, and mixtures thereof, and also optionally, 
strength enhancing agent; 

said second stratum comprises softwood fiber, cationic nitrogenous softener/debonder and optionally, another 
fiber chosen from the group consisting of hardwood fiber, recycle fiber, and mixtures thereof, and also option- 
ally, strength enhancing agent; 

the amount of recycle fibers in said first stratum being at least 40% by weight of the first stratum; 
the amount of softwood fibers in said second stratum being at least 50% by weight of the second stratum; 
the amount of hardwood fibers in said first stratum being no more than 20% of the amount of hardwood fibers 
in said second stratum; 

the amount of recycle fibers in sab second stratum being no more than 40% of the amount of recycle fibers 
in said first stratum; 

the concentration of strength enhancing agent in the first stratum being from 0.5 to 3 kgA (1 to 6 lbs/ton) 
whenever the amount of hardwood In the second stratum exceeds 25%; 

the concentration of strength enhancing agent In said second stratum being no more than the greater of 0.25 
kg/t (0.5 lbs/ton) or 20% of the concentration of said strength enhancing agent in the first stratum whenever 
the amount of hardwood in the second stratum exceeds 25%. 

55 

10. A tissue as claimed in claim 9 characterised in that the amount of recycle fibers in said second stratum is no more 
than 30% of the amount of recycle fibers in said first stratum. 
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11. A single-ply bathroom tissue product as claimed in claim 2 or claim 3 characterised in that 

said first stratum comprises recycle and softwood libers, cationic nitrogenous softener/debonder, and option- 
ally, hardwood fiber, and also optionally, strength enhancing agent; 
5 said second stratum comprises softwood fiber, cationic nitrogenous softener/debonder and optionally, another 

fiber chosen from the group consisting of hardwood fiber, recycle fiber, and mixtures thereof, and also option- 
ally, strength enhancing agent; 

the combined amount of recycle fibers and softwood fibers In said first stratum being at least 75% by weight 
of the first stratum; 

10 the amount of softwood fibers in said second stratum being at least 50% by weight of the second stratum; 

the amount of hardwood fibers in said first stratum being no more than 40% of the amount of hardwood fibers 
in said second stratum; 

the amount of recycle fibers in said second stratum being no more than 20% of the amount of recycle fibers 
in said first stratum; 

IS the concentration of strength enhancing agent in the first stratum being from 0.5 to 3 kgA (1 to 6 lbs/ton) 

whenever the amount of hardwood In the second stratum exceeds 25%; and 

the concentration of strength enhancing agent in said second stratum being no more than the greater of 0,25 
kg/t (0.5 lbs/ton) or 20% of the concentration of said strength enhancing agent in the first stratum whenever 
the amount of hardwood in the second stratum exceeds 25%. 

20 

12. A tissue as claimed in claim 11 characterised in that the amount of hardwood fibers in said first stratum is no more 
than 30% of the amount of hardwood fibers in said second stratum. 

13. A single-ply bathroom tissue product as claimed in claim 2 or claim 3 characterised In that 

25 

either or both of said first and second strata optionally contain strength enhancing agent; 

the concentration of strength enhancing agent in the first stratum being from 0.5 to 3 kgA (1 to 6 lbs/ton) 

whenever the amount of hardwood in the second stratum exceeds 25%; and 

the concentration of strength enhancing agent in said second stratum being no more than the greater of 0.25 
30 kg/t (0.5 lbs/ton) or 20% of the concentration of said strength enhancing agent in the first stratum whenever 

the amount of hardwood in the second stratum exceeds 25%. 

14. A single-ply bathroom tissue product as claimed in claim 2 or claim 3 characterised in that 

35 the concentration of cationic nitrogenous softener/debonder in said first stratum is from 15% to no more than 

75% of the concentration of said cationic nitrogenous softener/debonder in the second stratum; 
the first stratum contains from at least about 0.5 to about 3 kg/t (about 1 to about 6 lbs/ton) of strength enhancing 
agent whenever the amount of hardwood in the second stratum exceeds 25%; and 
said second stratum contains strength enhancing agent in an amount no more than the greater of about 0.25 

40 kg/t (0.5 lbs/ton) or 20% of the concentration of said strength enhancing agent in the first stratum whenever 

the amount of hardwood in the second stratum exceeds 25%. 

15. A single-ply bathroom tissue product as claimed in claim 1, including: 

45 a first stratum comprising softwood fiber and optionally cellulosic papermaklng fiber chosen from the group 

consisting of hardwood and recycled fibers, at least a major portion of said fiber in said first stratum having 
been refined, said first stratum having been In contact with said Yankee; 

a second stratum comprising cellulosic papermaking fiber chosen from the group consisting of hardwood, 
softwood, and recycled fibers; and 
50 the Canadian Standard Freeness of the refined fiber Incorporated into said first stratum being at least 50 points 

less than the Canadian Standard Freeness of the softwood fiber incorporated into said second stratum. . 

16. A single-ply bathroom tissue product as claimed in claim 15 characterised in that 

55 said first stratum Includes cationic nitrogenous softener/debonder, along with strength enhancing agent and 

at least a major portion of said softwood fiber in said first strata has been refined; 

said second stratum includes cationic nitrogenous softener/debonder, and optionally, strength enhancing 
agent; 
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the overall concentration of strength enhancing agent in said single-ply bathroom tissue product being from 
1 to 6 lbs/ton; and 

the concentration of strength enhancing agent in said second stratum is no more than the greater of 0.25 kg/ 
t (0.5 lbs/ton) or 20% of the concentration of strength enhancing agent in the first stratum. 

17. A single-ply bathroom tissue product as claimed in claim 15 characterised in that 

said first stratum comprises softwood and recycle fibers along with strength enhancing agents, at least a major 
portion of said softwood and recycle fiber having been refined; 

said second stratum comprises softwood, hardwood and recycle fibers, and optionally, strength enhancing 
agents; 

the overall concentration of strength enhancing agent in said single-ply bathroom tissue product being from 
at least 1 to 6 lbs/ton; and 

the concentration of strength enhancing agent in said second stratum being no more than 20% of the concen- 
tration of said strength enhancing agent in the first stratum. 

18. A slngte-ply bathroom tissue product as claimed in claim 1 including: 

a first stratum comprising refined softwood fiber and optionally, another cellulosic papermaking fiber chosen 
from the group consisting of hardwood, softwood, and recycled fibers and mixtures thereof, said stratum having 
been in contact with said Yankee; 

a second stratum comprising at least a major portion of softwood and optionally, another cellulosic papermak- 
ing fiber chosen from the group consisting of hardwood, softwood, and recycled fibers and mixtures thereof; 
the Canadian Standard Freeness of the refined softwood fiber incorporated into said first stratum being at 
least 50 points less than the Canadian Standard Freeness of the softwood fiber incorporated into said second 
stratum. 

19. A single-ply bathroom tissue product as claimed in claim 1 characterised in that it includes 

a first stratum comprising cellulosic papermaking fiber chosen from the group consisting of hardwood, soft- 
wood, and recycled fibers, and a strength enhancing agent, said first stratum having been in contact with said 
Yankee; 

a second stratum comprising cellulosic papermaking fiber chosen from the group consisting of hardwood, 
softwood, and recycled fibers, and optionally, a strength enhancing agent; 

the overall concentration of strength enhancing agent in said single-ply bathroom tissue product being from 
0.5 to 3 kg/t (1 to 6 lbs/ton); and 

the concentration of strength enhancing agent in said second stratum being no more than the greater of 0.25 
kg/t (0.5 lbs/ton) or 20% of the concentration of strength enhancing agent in the first stratum. 

20. A single-ply bathroom tissue product as claimed in claim 19 characterised in that 

the amount of hardwood fibers In said second stratum is at least 20% by weight of the second stratum. 

21. A single-ply bathroom tissue product as claimed in claim 20 characterised in that 

said first stratum comprises softwood and recycle fibers, and a strength enhancing agent; 

said second stratum comprises softwood, hardwood and recycle fibers, and optionally, strength enhancing 

agent; 

the combined amount of softwood and recycle fibers in said first stratum is at least 60% by weight of the first 
stratum; and 

the combined amount of softwood and recycle fibers in said second stratum is at least 40% by weight of the 
second stratum. 

22. A tissue as claimed In claim 20 or claim 21 characterised In that the amount of softwood and recycle fibers in said 
first stratum is at least 75% by weight of the first stratum. 

23. A single-ply bathroom tissue product as claimed in claim 1 including: 

a first stratum comprising a major portion of recycle fiber, optionally, cationic nitrogenous softener/debonder, 
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and also optionally, a minor portion of another fiber chosen from the group consisting of hardwood fiber, soft- 
wood fiber, and mixtures thereof « and also optionally, strength enhancing agent, said first stratum having been 
in contact with said Yankee; 

a second stratum comprising a major portion of softwood fiber, optionally, cationic nitrogenous softener/ 

debonder and optionally, a minor portion of another fiber chosen from the group consisting of hardwood fiber, 

recycle fiber, and mixtures thereof, and also optionally, strength enhancing agent; 

the amount of recycle fibers in said first stratum being at least 60% by weight of the first stratum; 

the amount of softwood fibers in said second stratum being at least 60% by weight of the second stratum; 

the combined amount of softwood and hardwood fibers in said first stratum being no more than 20% of the 

combined amount of softwood and hardwood fibers in said second stratum; 

the amount of recycle fibers in said second stratum being no more than 20% of the amount of recycle fibers 
in said first stratum; 

the concentration of cationic nitrogenous softener/debonder in said first stratum being from 2% to no more 
than 75% of the concentration of said cationic nitrogenous softener/debonder in the second stratum, the overall 
concentration of cationic nitrogenous softener/debonder in said single-ply bathroom tissue product being be- 
tween 0.5 to 4 kg/t (1 to 8 lbs/ton); 

the overall concentration of strength enhancing agent in said single-ply bathroom tissue product being from 
at least 1 to 6 lbs/ton whenever the amount of hardwood in the second stratum exceeds 20%; and 
the concentration of strength enhancing agent in said second stratum being no more than the greater of 0.25 
kg/l (0.5 lbs/ton) or 20% of the concentration of said strength enhancing agent in the first stratum whenever 
the overall concentration of strength enhancing agent in said single-ply bathroom tissue product exceeds at 
least 0.5 kg/t (1 Ib/ton). 

24. A single-ply bathroom tissue product as claimed in claim 1 characterised in that it includes: 

a first stratum comprising cellulosic papermaking fiber chosen from the group consisting of hardwood, soft- 
wood, and recycled fibers, and cationic nitrogenous softener/debonder, said fiber in said first strata having 
- been refined, said firsTStratum having been in contact with said Yankee; 

a second stratum comprising cellulosic papermaking fiber chosen from the group consisting of hardwood, 
softwood, and recycled fibers, cationic nitrogenous softener/debonder; and 

the Canadian Standard Freeness of the refined fiber incorporated Into said first stratum being at least 50 points 
less than the Canadian Standard Freeness of the softwood fiber incorporated Into said second stratum. 

25. A single-ply bathroom tissue product as claimed in claim 1, including: 

a first stratum comprising cellulosic papermaking fiber chosen from the group consisting of hardwood, soft- 
wood, and recycled fibers and cationic nitrogenous softener/debonder, and optionally, strength enhancing 
agent, said first stratum having been in contact with said Yankee; 

a second stratum comprising cellulosic papermaking fiber chosen from the group consisting of hardwood, 
softwood, and recycled fibers, and cationic nitrogenous softener/debonder, and optionally, strength enhancing 
agent; 

the overall concentration of cationic nitrogenous softener/debonder in said single-ply bathroom tissue being 
between 0.5 to 4 kg/t (1 to 8 lbs/ton) measured on a dry fiber basis; 

the concentration of cationic nitrogenous softener/debonder in said first stratum being from about 1 5% to no 
more than 75% of the concentration of said cationic nitrogenous softener/debonder in the second stratum; 
the concentration of strength enhancing agent in the first stratum being from at least 0.5 to 3 kgA (1 to 6 lbs/ 
ton) whenever the amount of hardwood in the second stratum exceeds 25%; 

the concentration of strength enhancing agent in said second stratum being no more than the greater of about 
0.25 kg/t (0.5 lbs/ton) or 20% of the concentration of said strength enhancing agent in the first stratum whenever 
the amount of hardwood in the second stratum exceeds 25%. 

26. A tissue as claimed in any one of claims 2-7, 9-15, 18 and 23-25 characterised in that strength enhancing agent 
is present in the tissue. 

27. A tissue as claimed in any one of the preceding claims containing strength enhancing agent characterised in that 
said strength enhancing agent comprises starch. 

28. A single-ply bathroom tissue product as claimed in claim 1, including: 
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a first stratum comprising cellulosic papermaking fiber comprising a major portion of recycle fiber, optionally, 
cationic nitrogenous softener/debonder, and also optionally, a minor portion of another fiber chosen from the 
group consisting of hardwood, softwood, and recycled fibers and mixtures thereof, and also optionally, strength 
enhancing starch, said first stratum having been in contact with said Yankee; 
5 a second stratum comprising a major portion of softwood fiber, cationic nitrogenous softener/debonder and 

optionally, a minor portion of another fiber chosen from the group consisting of hardwood fiber, recycle fiber 
and mixtures thereof, and also optionally, strength enhancing starch; 

the amount of recycle fibers in said first stratum being kept above at least 75% by weight of the first stratum; 
the amount of softwood fibers in said second stratum being kept above at least 60% by weight of the second 
10 stratum; 

the combined amount of softwood and hardwood fibers in said second stratum being kept above at least 60% 
by weight of the second stratum; 

the combined amount of softwood and hardwood fibers in said first stratum being kept at no more than 20% 
of the combined amount of softwood and hardwood fibers in said second stratum; 
15 the amount of recycle fibers in said second stratum being kept at no more than 20% of the amount of recycle 

fibers in said first stratum; 

the concentration of cationic nitrogenous softener/debonder in said first stratum being controlled to within from 
2% to no more than 75% of the concentration of cationic nitrogenous softener/debonder in the second stratum, 
the overall concentration of cationic nitrogenous softener/debonder in said single-ply bathroom tissue product 
20 being between 0.5 to 4 kgA (1 to 8 lbs/ton); 

the overall concentration of strength enhancing starch in said single-ply bathroom tissue product being kept 
in the range of from at least about 0.5 to about 3 kg/t (about 1 to about 6 lbs/ton) whenever the amount of 
hardwood in the second stratum exceeds 20%; 

the concentration of strength enhancing starch in said second stratum being controlled to be no more than 
25 the greater of 0.25 kg/t (0.5 lbs/ton) or 20% of the concentration of said strength enhancing starch in the first 

stratum whenever the overall concentration of strength enhancing starch In said single-ply bathroom tissue 
product exceeds at least about 0.5 kgA (1 Ib/ton). 

29. A tissue as claimed in claim 27 or claim 28 characterised In that the amylose and amylopectin contents of the 
30 starch are in the range of 1 to 30 and 99 to 70 percent respectively 



30. A tissue as claimed in any one of the preceding claims characterised in that it contains nitrogenous softener/ 
debonder selected from imidazolines, amido amine salts, linear amldo amines, tetravalent ammonium salts, and 
mixtures thereof. 

35 

31. A tissue as claimed in any one of the preceding claims characterised In that it contains nitrogenous softener/ 
debonder selected from 

salts having the structure: 

40 

[ (RCO)2EDAlHX 

wherein EDA is a dlethytenetriamine residue, R Is the residue of a fatty acid having from 12 to 22 carbon 
45 atoms, and X is an anion; 

salts having the structure: 

[(RCONHCH2CH2)2NR']HX 

50 

wherein R is the residue of a fatty acid having from 12 to 22 carbon atoms, R' is a lower alkyi group, and X Is 
an anion; and 

mixtures of linear amido amines and imidazolines of the following structure: 

55 
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wherein X is an anion. 



32. A tissue as claimed in any one of the preceding claims characterised in that the tissue has undergone an embossing 
process wherein the hard pattern roll of the embossing nip engages the Yankee side of the sheet while the rubber 

25 roll in the nip engages the air side. 

33. A tissue as claimed in any one of the preceding claims characterised in that the tissue exhibits a sidedness pa- 
rameter of less than 0.225; a tensile modufus of no more than 27 grams/percent strain; a GM MMD of no more 
than 0.21 . 

30 

34. A tissue as claimed in any one of the preceding claims characterised in that it exhibits a sidedness parameter in 
the range of 0.1 to 0.225, 

35. A tissue as claimed in any one of the preceding claims characterised in that the second stratum is the air side 
35 stratum. 

36. A tissue as claimed in any one of the preceding claims characterised In that it has a basis weight of at least 0.016 
kg/m2 (ten pounds per three thousand square foot ream). 

^0 37. A tissue as claimed in claim 36 having a basis weight of 0.01 6 to 0.044 kg/m2 (10 to 27 pounds per three thousand 
square foot ream). 

38. A tissue as claimed in any one of claims 2, 3, 13, 14, 19 and 25 or any one of claims 26, 27 and 29 to 37 when 
appendant from any one of claims 2, 3, 1 3, 1 4, 1 9 and 25, characterised in that the first stratum comprises hardwood 

45 fiber optionally with a minor amount of fiber selected from softwood and recycle fiber, and the second stratum 

comprises fiber selected from softwood and recycle fiber optionally with a minor amount of hardwood fiber. 

39, A method of forming a soft bathroom tissue product as claimed in any one of claims 1 to 38 which comprises: 

50 supplying to a first plenum of a stratified headbox having at least two plena a first furnish containing the com- 

ponents to form the first stratum of the product; 

supplying to a second plenum of said stratified headbox a second furnish containing components to form the 
second stratum of the product; 

forming a nascent web by depositing -aid furnishes on a moving foraminous support, 
55 wet pressing said nascent web; 

transferring said nascent web to a Yankee dryer, adhering said web to said Yankee with said first stratum of 
said web in contact with the surface of the Yankee, and creping said web from said Yankee; and 
recovering a creped, dried bathroom tissue product. 
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40. A method as claimed in claim 39 characterised in that said first furnish contains the components to form a first 
stratum comprising refined softwood fiber and optionally, another cellulosic papermaking fiber chosen from the 
group consisting of hardwood, softwood, and recycled fibers and mixtures thereof; 

said second furnish contains the components to form a second stratum comprising at least a major portion of 
softwood and optionally, another cellulosic papermaking fiber chosen from the group consisting of hardwood, 
softwood, and recycled fibers and mixtures thereof; and 

the Canadian Standard Freeness of the refined softwood fiber Incorporated into said first stratum is at least 
50 points less than the Canadian Standard Freeness of the softwood fiber incorporated into said second stra- 
tum. 

41. A method as claimed in claim 39 or claim 40 characterised In that the cationic softener/debonder is added in an 
amount of 0.05 to 5 kg/t (0.1 to 1 0 pounds per ton) of furnish. 

15 42. A method as claimed in claim 39 characterised in that 

said first furnish contains the components to form a first stratum comprising a major portion of recycle fiber, 
optionally, cationic nitrogenous softener/debonder, and also optionally, a minor portion of another fiber chosen 
from the group consisting of hardwood fiber, softwood fiber, and mixtures thereof, and also optionally, strength 
enhancing starch; 

said second furnish contains the components to form a second stratum comprising a major portion of softwood 
fiber, cationic nitrogenous softener/debonder and optionally, a minor portion of another fiber chosen from the 
group consisting of hardwood fiber, recycle fiber, and mixtures thereof, and also optionally, strength enhancing 
starch; 

the amount of recycle fibers in said first stratum is kept above at least about 75% by weight of the first stratum; 
the amount 6f softwood fibers in said second stratum is kept above at least 60% by weight of the second 
stratum; 

the combined amount of softwood and hardwoo'd* fibers in said first stratum is kept at no more than 20% of 
the combined amount of softwood and hardwood fibers in said second stratum; 

the amount of recycle fibers in said second stratum is kept at no more than 20% of the amount of recycle fibers 
in said first stratum; 

the concentration of cationic nitrogenous softener/debonder in said first stratum is controlled to within from 
2% to no more than 75% of the concentration of said cationic nitrogenous softener/debonder in the second 
stratum, the overall concentration of cationic nitrogenous softener/debonder in said single-ply bathroom tissue 
product being between 0.5 to 4 kg/t (1 to 8 lbs/ton); 

the overall concentration of strength enhancing starch in said single-pty bathroom tissue product is kept in the 
range of from at least 0.5 to 3kg/t (1 to 6 lbs/ton) whenever the amount of hardwood in the second stratum 
exceeds 20%; and 

the concentration of strength enhancing starch in said second stratum is controlled to be no more than the 
greater of 0.25 kg/t (0.5 lbs/ton) or 20% of the concentration of said strength enhancing starch in the first 
stratum whenever the overall concentration of strength enhancing starch in said single-ply bathroom tissue 
product exceeds at least 0.5 kg/t (1 lb/ton). 

43. A method as claimed in claim 42 characterised in that the cationic nitrogen softener/debonder is sprayed on to the 
<5 first stratum of the chemically stratified web. 

44. A method of forming soft bathroom tissue product as claimed in claim 1 characterised in that said web is formed 
by combining at least two furnish sources prior to depositing furnish on forming fabric; 

50 the first furnish source comprising softwood and a strength enhancing agent; and 

the second furnish comprising hardwood and a softener/debonder providing softwood fibers and hardwood 
fibers in amounts sufficient to form an overall furnish comprising 40 to 60 weight percent softwood fibers and 
60 to 40 weight percent hardwood fibers wherein the strength enhancing agent is added to the softwood source 
in an amount of 1 .5 to 6 kg/t (3 to 12 lbs per ton) based on total furnish and the softener debonder is added 

55 to the web on the airside after both fumish sources are combined and in an amount of 1 to 2 kg/t (2 to 4 lbs 

per ton) based on total furnish, and controlling the amount of softener/debonder added and the relative amounts 
of softwood to hardwood such that said tissue exhibits a sidedness parameter of less than 0.3, a tensile mod- 
ulus of no more than 30 grams/percent strain, a GM MMD friction of no more than 0.23, and a cross directional 
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dry tensile strength of at least 200 grams per 76.2 mm (3 inches). 

45. A method of forming soft bathroom tissue product as claimed in claim 1 characterised in that said web is formed 
by combining at least two furnish sources prior to depositing furnish on forming fabric; 

5 

the first furnish source comprising softwood, recycled fiber, and optionally, strength enhancing agent; and 
the second furnish comprising hardwood, softwood, and recycled fiber, and optionally, a softener/debonder 
providing softwood fibers and hardwood fibers in amounts sufficient to form an overall furnish comprising 40 
to 100 weight percent softwood fibers and recycled fibers and 60 to 0 weight percent hardwood fibers wherein 

10 0 to 12 pounds of the strength enhancing agent per ton of the total furnish are added to the softwood source 

and 0 to 5 pounds of the softener/debonder per ton of the total furnish are added to the web on the air side 
after both furnish sources are combined, and controlling the amount of softener/debonder added and the 
relative amounts of softwood to hardwood such that said tissue exhibits a sldedness parameter of less than 
0.3, a tensile modulus of no more than 30 grams/percent strain, a GM MMD friction of no more than 0.23, and 

15 a cross directional dry tensile strength of at least 200 grams per 76.2 mm (3 inches). 

46. A method as claimed in any one of claims 39 to 45 characterised in that the crepe angle is controlled to form an 
angle of less than 80°. 

20 47, A method as claimed in claim 46 characterised in that the crepe angle is controlled to form an angle of 70 to 78?. 

48. A method as claimed in any one of claims 39 to 47 characterised in that nitrogenous adhesive is applied to the 
steel side of the Yankee. 

25 49. A method as claimed in claim 48 characterised in that the nitrogenous adhesive Is added in an amount of 0.05 to 
0.15 kg/t (0.1 to 0.3 pound per) of furnish. 

• . ■ 

50. A method as claimed in claim 48 or claim 49 characterised in that the nitrogenous adhesive is a gtyoxyiated poly- 
acrylamide or a polyaminoamide. 

30 

51, A method as claimed in claim 50 characterised in that the glyoxylated polyacrylamide moiety is In the form of a 
blend or in the form of a terpotymer comprising polyacrylamide of at least 40 weight percent and glyoxal of at least 
2 weight percent, 

35 52. A method as claimed in any one of claims 39 to 51 characterised in that the tissue is embossed by having a hard 
pattern roll of the embossing nip engage the Yankee side of the sheet while a rubber roll in the nip engages the 
air side. 



^0 Patentanspruche 

1. Einlagiges Badezimmer-Tissueprodukt. umfassend ein einlagiges Tissuegewebe, das durch herkdmmliches 
NaBpressen einer Celtulosebahn hergestellt wurde, wobei die Bahn mit einem Trockenzy Under (Yankee) in haf- 
tende Verbindung gebracht und vom Trockenzylinder gekreppt wird, dadurch gekennzeichnet, daB das Tlssuege- 
45 webe elne nicht-delaminierte Stnjktur aufweist, die mindestens zwei in Ihrer Zusammensetzung unterschiedene 

Schichten hat, die Stnjktur einen Zweiseitlgkeits -Parameter S von nicht mehr als 0,3, ein Zugmodul von nicht mehr 
als 32 g/%-Dehnung, eine geometrische mittlere Reibungsabweichung GN MMD von nicht mehr als 0,23 und eine 
Trockenzugfestigkeit in Querrichtung von mindestens 200 g/76.2 mm (3 Inch) aufweist. 

50 2. Einlagiges Badezimmer-Tissueprodukt nach Anspruch 1 enthaltend: 

eine erste Schicht, umfassend Cellulosefasern fur die Paplerherstellung, ausgewahit aus der Gruppe beste- 
hend aus Hartholz-, Welchholz- und Recyclingfasern, und einen kationischen, stickstoffhaltigen Weichmacher/ 
Bindungsloser, wobei diese erste Schicht in Kontakt mit dem Trockenzylinder war; 
55 eine zweite Schicht, umfassend Cellulosefasern fur die Paplerherstellung, ausgewahit aus der Gruppe beste- 

hend aus Hartholz-, Welchholz- und Recyclingfasern, und einen kationischen, stickstoffhaltigen Weichmacher/ 
Bindungsloser; 

wobei die Gesamtkonzentration des kationischen, stickstoffhaltigen Weichmacher/Bindungslosers in dem ein- 
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lagigen Badezimmer-Tissueprodukt zwischen 0,5 bis 4 kg/t ( 1 bis 8 lbs/ton) betrSgt. 

3. Einlagiges Badezimmer-Tissueprodukt nach Anspmchi 2, dadurch gekennzeichnet, daB die Konzentration des 
kationischen, stickstoffhaltigen Weichmacher/BindungsISsers in derersten Schiciit von 2 % bis niclit mehrals 75% 

5 der Konzentration des kationischen, stickstoffhaltigen Weichmacher/Bindungslosers in der zwelten Schicht be- 

tragt 

4. Einlagiges Badezimmer-Tissueprodukt nach Anspruch 2 Oder Ansprucli 3, dadurch gekennzeichnet, daB 

10 die erste Schicht einen groBeren Anteil an Recyclingfaser, gegebenenfalls kationischen, stickstoffhaltigen 

Weichmacher/Bindungsldser und gegebenenfalls einen geringeren Anteil einer anderen Faser, ausgewahft 
aus der Gruppe bestehend aus Harthoizfasern, Welch holzfasern und deren Gemischen, und auch gegebe- 
nenfalls ein die Festigkett erhohendes Mittel umfaBt; 

die zweite Schicht einen groBeren Anteil von Weichholzfasern, gegebenenfalls kationischen. stickstoffhaltigen 
15 Weichmacher/Bindungs loser und gegebenenfalls etnen geringeren Anteil etner anderen Faser, ausgewahlt 

aus der Gruppe bestehend aus Hartholzfasern, Recyclingfasern und deren Gemischen und gegebenenfalls 
ein die Festigkeit erhohendes Mittel aufwelst; 

die Menge der Recyclingfasern in der ersten Schicht mindestens 60 Gew.-% der ersten Schicht betragt; 
die Menge der Welch holzfasern in der zwelten Schicht mindestens 60 Gew.-% der zwelten Schicht betragt; 
20 die Gesamtmenge an Welch holz- und Hartholzfasern in der ersten Schicht nicht mehr als 20 % der Gesamt- 

menge an Weichholz- und Hartholzfasern in der zwelten Schicht betragt; 

die Menge der Recyclingfasern in der zwelten Schicht nicht mehr als 20 % der Menge der Recyclingfasern in 
der ersten Schicht betragt; 

die Gesamtkonzentration von dem die Festigkeit erhohenden Mittel in dem einlaglgen Badezimmer-Tissue- 
25 produkt von 0,5 bis 3 kg/t (1 bis 6 lbs/ton) betragt, wenn die Menge von Hartholz in der zweiten Schicht 20 % 

ubersteigt; und 

die Konzentration des die Festigkeit erhohenden Mittels in der zweiten Schicht nicht mehr als das hohere von 
0,25 kg/t (0,5 lbs/ton) oder 20 % der Konzentration des die Festigkeit erhohenden Mittels in der ersten Schicht 
betragt, wenn die Gesamtkonzentration des die Festigkeit erhohenden Mittels In dem einlaglgen Badezimmer- 
30 Tissueprodukt 0,5 kg/t (1 lb/ton) ubersteigt. 

5. Tissueprodukt nach Anspruch 4, dadurch gekennzeichnet, daB die Menge der Recyclingfasern in der ersten 
Schicht mindestens 75 % betragt 

35 6. Einlagiges Badezimmer-Tissueprodukt nach Anspruch 2 Oder 3, dadurch gekennzeichnet, daB 

die erste Schicht einen groBeren Anteil Welch holzfaser, kationischen, stickstoffhaltigen Welchmacher/Bin- 
dungsloser und gegebenenfalls einen geringeren Anteil einer anderen Faser, die aus der Gruppe bestehend 
aus Hartholzfasern, Recyclingfasern und deren Gemischen, und auch gegebenenfalls ein die Festigkeit er- 

40 hohendes Mittel aufwelst, 

die zweite Schicht Welch holzfasern, kationischen, stickstoffhaltigen Weichmacher/Bindungsldser und gege- 
benenfalls eine andere Faser, ausgewahlt aus der Gruppe bestehend aus Hartholzfasern, Recyclingfasern 
und deren Gemischen, und auch gegebenenfalls ein die Festigkeit erhohendes Mittel umfaBt; 
die Menge der Weichholzfasern in der ersten Schicht mindestens 60 Gew.-% der ersten Schicht betragt; 

45 die Menge der Weichholzfasern in der zweiten Schicht mindestens 40 Gew.-% der zweiten Schicht betragt; 

die Menge der Hartholzfasern in der ersten Schicht nicht mehr als 40 % der Menge der Hartholzfasern in der 
zweiten Schicht betragt; 

die Gesamtkonzentration des die Festigkeit erhohenden Mittels in dem einlagigen Badezimmer-Tissueprodukt 
1 bis 6 lbs/ton betragt, wenn die Menge von Hartholz in der zweiten Schicht 20 % ubersteigt; und 
50 die Konzentration des die Festigkett erhohenden Mittels in der zweiten Schicht nicht mehr als das hohere von 

0,25 kg/t (0,5 tbs/ton) oder 20 % der Konzentration des die Festigkeit erhohenden Mittels in der ersten Schicht 
betragt, wenn die Gesamtkonzentration des die Festigkeit erhohenden Mittels in dem einlaglgen Badezimmer- 
Tissueprodukt mindestens 0,5 kg/t (1 lbs/ton) ubersteigt. 

55 7. Tissueprodukt nach Anspruch 6, dadurch gekennzeichnet, daB die Menge von Hartholzfasern In der ersten Schicht 
nicht mehr als 30 % betragt. 

8. Einlagiges Badezimmer-Tissueprodukt nach Anspruch 2 oder Anspruch 3, dadurch gekennzeichnet, daB 
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die erste Schicht Weichholz- und Recyclingfasern, ein Festigkeit erhohendes Mittel und kattonischen. stick- 
stoffhaltigen Weichmacher/Blndungsloser umfa6t; 

die zweite Schicht Weichholz-, Hartholz- und Recyclingfasern, kationischen, stickstoffhaltlgen Weichmacher/ 
Bindungs!6ser und wahlweise Festigkeit erhShendes Mittel umfaBt; 
5 die Gesamtkonzentration des Festigkeit erhohenden Mittels in dem einlagigen Badezimmer-Tissueprodukt 

mindestens 0,05 bis 3 kg/t (1 bis 6 lbs/ton) betragt; und 

die Konzentration des Festigkeit erhohenden Mittels in der zweiten Schicht nicht mehr als das hohere von 
0,25 kg/t (0,5 lbs/ton) Oder 30 % der Konzentration des Festigkeit erhohenden Mittels in der ersten Schicht 
betragL 

10 

9. Einlagtges Badezimmer-Tissueprodukt nach Anspruch 2 oder Anspruch 3, dadurch gekennzeichnet, daB: 

die erste Schicht Recyclingfaser, kationischen, stickstoffhaltigen Welch macher/Bindungsloser und gegebe- 
nenfalls eine andere Faser, ausgewahit aus der Gruppe bestehend aus Hartholzfaser, Welch ho Izfaser und 

15 deren Gemischen, und glelchfalls wahlweise ein Festigkeit erhohendes Mittel umfaBt; 

die zweite Schicht Weichholzfaser, kationischen, stickstoffhaltigen Weichmacher/Blndungsloser und gegebe- 
nenfalls elne andere Faser, ausgewahit aus der Gruppe bestehend aus Hartholzfaser, Recyclingfaser und 
deren Gemischen, und gteichfalls wahlweise ein Festigkeit erhohendes Mittel aufweist; 
die Menge der Recyclingfasern in der ersten Schicht mindestens 40 Gew.-% der ersten Schicht ausmacht; 

20 die Menge der Welch holzfasern in der zweiten Schicht mindestens 50 % des Gewichts der zweiten Schicht 

ausmacht; 

die Menge der Hartholzfasern in der ersten Schicht nicht mehr als 20 % der Menge der Hartholzfasern in der 
zweiten Schicht betragt; 

die Menge der Recyclingfasern in der zweiten Schicht nicht mehr als 40 % der Menge der Recyclingfasern in 
25 der ersten Schicht betragt; 

die Konzentration des Festigkeit erhohenden Mittels in der ersten Schicht 0,5 bis 3 kg/t (1 bis 6 lbs/ton) betragt, 
wenn die Menge des Hartholzes in der zweiten Schicht 25 % ubersteigt; 

die Konzentration des Festigkeit erhohenden Mittels in der zweiten SchichVnicht mehr als 0,25 kg/t (0,5 lbs/ 
ton) Oder 20 % der Konzentration des Festigkeit erhShenden Mittels in der ersten Schicht betragt, wenn die 
30 Menge Hartholz in der zweiten Schicht 25 % ubersteigt. 

10. Tlssueprodukt nach Anspruch 9, dadurch gekennzeichnet, daB die Menge der Recyclingfasern in der zweiten 
Schicht nicht mehr als 30 % der Menge der Recyclingfasern in der ersten Schicht betragt 

35 11. Einlagiges Badezimmer-Tissueprodukt nach Anspruch 2 oder Anspnjch 3, dadurch gekennzeichnet, daB 

die erste Schicht Recycling- und Weichholzfasern, kationischen, stickstoffhaltigen Weichmacher/Bindungslo- 
ser und gegebenenfalts Hartholzfaser und auch wahlweise Festigkeit erhohendes Mittel umfaBt; 
die zweite Schicht Weichhotzfaser, kationischen, stickstoffhaltigen Weichmacher/Blndungsloser und gegebe- 
40 nenfalls eine andere Faser, ausgewahit aus der Gruppe bestehend aus Hartholzfaser, Recyclingfaser und 

deren Gemischen, und gleichfalls wahlweise Festigkeit erhohendes Mittel umfaBt; 

die Gesamtmenge der Recyclingfasern und Weichholzfasern in der ersten Schicht mindestens 75 Gew.-% 
der ersten Schicht betragt; 

die Menge der Weichholzfasern in der zweiten Schicht mindestens 50 Gew.-% der zweiten Schicht betragt; 
^ die Menge der Hartholzfasern in der ersten Schicht nicht mehr als 40 % der Menge der Hartholzfasern In der 

zweiten Schicht betragt; 

die Menge der Recyclingfasern in der zweiten Schicht nicht mehr als 20 % der Menge der Recyclingfasern in 
der ersten Schicht betragt; 

die Konzentration des Festigkeit erhohenden Mittels in der ersten Schicht 0,5 bis 3 kg/t (1 bis 6 lbs/ton) betrSgt, 
50 wenn die Menge des Hartholzes in der zweiten Schicht 25 % ubersteigt; und 

die Konzentration des Festigkeit erhohenden Mittels in der zweiten Schicht nicht mehr als das hohere von 
0,25 kg/l (0,5 lbs/ton) oder 20 % der Konzentration des Festigkeit erhohenden Mittels in der ersten Schicht 
betragt, wenn die Menge Hartholz in der zweiten Schicht 25 % ubersteigt. 

55 12. Tlssueprodukt nach Anspruch 1 1 , dadurch gekennzeichnet, daB die Menge der Hartholzfasern in der ersten Schicht 
nicht mehr als 30 % der Menge Hartholzfasern in der zweiten Schicht betr§gt. 

13. Einlagiges Badezimmer-Tissueprodukt nach Anspnjch 2 oder Anspruch 3, dadurch gekennzeichnet, daB 
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eine oder beide von erster und zweiter Schicht wahtweise Festigkeit erhdhendes Mittel enthSlt/enthalten; 
die Konzentration des Festigkeit erhdhenden Mittels in der ersten Lage 0,5 bis 3 kg/t (1 bis 6 lbs/ton) betragt, 
wenn die Menge des Harttiolzes in der zweiten Phase 25 % ubersteigt; und 

die Konzentration des Festigkeit erhohenden Mittels In der zweiten Schicht nicht mehr als das h6here von 
5 0,25 kg/t (0,5 lbs/ton) oder 20 % der Konzentration des Festigkeit erhohenden Mittels in der ersten Schicht 

betragt, wenn die Menge Hartholz in der zweiten Schicht 25 % ubersteigt. 

14. Einlagtges Badezimmer-Tissueprodukt nach Anspnjch 2 oder Anspruch 3, dadurch gekennzetchnet, daB 

10 die Konzentration des kationlschen, stickstoffhaittgen Weichmacher/Bindungsiosers in der ersten Schicht 15 

% bis nicht mehr als 75% der Konzentration des kationlschen, stickstoffhaltigen Weichmacher/Bindungsiosers 
in der zweiten Schicht betragt; 

die erste Schicht mindestens etwa 0,5 bis etwa 3 kg/t (etwa 1 bis etvya 6 lbs/ton) des Festigkeit erhohenden 
Mittels enthalt, wenn die Menge Hartholz in der zweiten Schicht 25 % ubersteigt; und 
'5 die zweite Schicht Festigkeit erhohendes Mittel in einer Menge von nicht mehr als das hohere von etwa 0,25 

kg/t (0,5 lbs/ton) oder 20 % der Konzentration des festigkeiterhdhenden Mittels in der ersten Schicht enthalt, 
wenn die Menge Hartholz in der zweiten Schicht 25 % ubersteigt. 

15. Einlagiges Badezimmer-Tissueprodukt nach Anspruch 1, enthaltend: 

20 

eine erste Schicht, umfassend Weichholzfaser und wahlweise Cellulosefaser fur die Papier herstellung, aus- 
gewahlt aus der Gruppe bestehend aus Hartholz und Recyclingfasern, wobei mindestens ein groBerer Anteil 
der Faser in der ersten Schicht veredelt wurde, wobei die erste Schicht mit der Trockenwaize in Koniakt war; 
eine zweite Schicht, umfassend Cellulosefaser fur die Papierherstellung, ausgewahit aus der Gnjppe beste- 
25 hend aus Hartholz-, Welch ho Iz- und Recyclingfasern; und 

der kanadische Freeness-Standard (Standard der Entwassenjngsneigung) der veredelten Faser in der ersten 
Schicht mindestens 50 Punkte weniger als der kanadische Freeness-Standard der W^chhotzfaser in der zwei- 
ten Schicht ist. 

30 16. Einlagiges Badezimmer-Tissueprodukt nach Anspruch 15, dadurch gekennzeichnet. daB 

die erste Schicht kationlschen, stickstoffhaltigen Welch macher/Bindungs loser zusammen mit Festigkeit erho- 
hendem Mittel enthalt und mindestens ein groBerer Anteil der Weichholzfaser in der ersten Schicht veredelt 
wurde; 

3S die zweite Schicht kationischen, stickstoffhaltigen Weichmacher/Bindungsloser, und wahlweise Festigkeit er- 

hohendes Mittel enthalt; 

die Gesamtkonzentration des Festigkeit erhohenden Mittels in dem einlagigen Badezimmer-Tissueprodukt 1 
bis 6 lbs/ton betragt; und 

die Konzentration des Festigkeit erhohenden Mittels In der zweiten Schicht nicht mehr als das hohere von 
^0 0,25 kg/t (0,5 Ibs/ton) oder 20 % der Konzentration des Festigkeit erhohenden Mittels in der ersten Schicht 

betragt. 

17. Einlagiges Badezimmer-Tissueprodukt nach Anspnjch 15, dadurch gekennzeichnet, daB 

^5 die erste Schicht Weichholz- und Recyclingfasern zusammen mit Festigkeit erhohenden Mitteln umfaBt, min- 

destens ein groBerer Anteil der Weichholz- und Recyclingfasern veredelt wurden; 

die zweite Schicht Weichholz-, Hartholz- und Recyclingfasern und wahlweise Festigkeit erhohende Mittel um- 
faBt; 

die Gesamtkonzentration des Festigkeit erhohenden Mittels in dem einlagigen Badezimmer-Tissueprodukt 
50 mindestens 1 bis 6 Ibs/ton betragt; und 

die Konzentration des Festigkeit erhohenden Mittels in der zweiten Schicht nicht mehr als 20 % der Konzen- 
tration des Festigkeit erhohenden Mittels In der ersten Schicht betragt. 

18. Einlagiges Badezimmer-Tissueprodukt nach Anspoich 1, enthaltend: 

55 

eine erste Schicht, umfassend veredelte Weichholzfasern und wahlweise eine andere Cellulosefaser fur die 
Papierherstellung, ausgewahit aus der Gruppe bestehend aus Hartholz-, Weichholz- und Recyclingfasern und 
ihren Gemischen, wobei diese Schicht in Kontakt mit dem Trockenzylinder war; 
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eine zweite Schicht, umfassend mindestens einen grSReren Anteil Weichholz und wahlweise eine andere 
Cellulosefaser fur die Papierherstellung, ausgewShlt aus der Gruppe bestehend aus Hartholz-, Wetchhotz- 
und Recyclingfasern und deren Gemischen; 

der kanadische Freeness-Standard der veredelten Weichholzfaser, die in der ersten Schicht vorliegt, minde- 
stens 50 Punkte geringer ais der kanadische Freeness-Standard der Weichholzfaser in der zweiten Schicht ist. 

19. Einlagiges Badezimmer-Tissueprodukt nach Anspruch 1, dadurch gekennzeichnet. daB sie enthSIt: 

eine erste Schicht, umfassend Cellulosefaser fur die Papierherstellung, ausgewahit aus der Gruppe bestehend 
aus Hartholz-, Weichholz- und Recyclingfasern, und ein Festigkeiterhohendes Mittel, wobei die erste Schicht 
in Kontakt mit dem Trockenzylinder war; 

eine zweite Schicht, umfassend Cellulosefaser fur die Papierherstellung, ausgewahit aus der Gruppe beste- 
hend aus Hartholz-, Weichholz- und Recyclingfasern, und wahlweise ein Festigkeit erhohendes Mittel; 
die Gesamtkonzentration des Festigkeit erhdhenden Mtttels in dem einlagigen Badezimmer-Tissueprodukt 
. 0,5 bis 3 kg/t (1 bis 6 lbs/ton) betragt; und 
die Konzentration des Festigkeit erhdhenden Mittels In der zweiten Schicht nicht mehr als das ho here von 
0,25 kg/t (0,5 lbs/ton) Oder 20 % des Festigkeit erhohenden Mittels in der ersten Schicht betragt. 

20. Einlagiges Badezimmer-Tissueprodukt nach Anspruch 19, dadurch gekehnzetchnet, da3 

die Menge der Hartholzfasern in der zweiten Schicht mindestens 20 Gew.-% der zweiten Schicht betragt. 

21. Einlagiges Badezimmer-Tissueprodukt nach Anspruch 20, dadurch gekennzeichnet, da3 

die erste Schicht Weichholz- und Recyclingfasern und ein Festigkeit erhShendes Mittel umfaBt; 
die zweite Schicht Weichholz-, Hartholz- und Recyclingfasern und wahlweise festigkeiterhohendes Mittel um- 
faBt; 

die Gesamtmenge Weichholz- und Recyclingfasern in der ersten Schicht mindestens 60 Gew.-% der ersten 
Schicht betragt; und ' 
die Gesamtmenge Weichholz- und Recyclingfasern in der zweiten Schicht mindestens 40 Gew.-% der zweiten 
Schicht betragt. 

22. Tissueprodukt nach Anspnjch 20 oder Anspmch 21. dadurch gekennzeichnet, daB die Menge Weichholz- und 
Recyclingfasern in der ersten Schicht mindestens 75 Gew.- % der ersten Schicht betragt. 

23. Einlagiges Badezimmer-Tissueprodukt nach AnspnJch 1, enthaltend: 

eine erste Schicht, umfassend einen groBeren Anteil Recyclingfaser, wahlweise kationischen, stickstoffhalti- 
gen Weichmacher/Bindungsloser und ebenfalls wahlweise einen geringeren Anteil einer anderen Faser, aus- 
gewahit aus der Gruppe bestehend aus Hartholzfaser, Weichholzfaser und deren Gemischen, und auch wahl- 
weise Festigkeit erhohendes-Mittel, wobei die erste Schicht in Kontakt mit dem Trockenzylinder war; 
eine zweite Schicht, umfassend einen groBeren Anteil Weichholzfaser, wahfweise kationischen, stickstoffhal- 
tigen Weichmacher/Bindungsloser und wahlweise einen kleineren Anteil einer anderen Faser, ausgewahit aus 
der Gruppe bestehend aus Hartholzfaser, Recyclingfaser und deren Gemischen, und auch wahlweise Festig- 
keit erhohendes Mittel; 

wobei die Menge Recyclingfasern in der ersten Schicht mindestens 60 Gew.-% der ersten Schicht betragt; 
die Menge Wetchholzfasern in der zweiten Schicht mindestens 60 Gew.-% der zweiten Schicht betragt; 
die Gesamtmenge Weichholz- und Hartholzfasern in der ersten Schicht nicht mehr als 20 %der Gesamtmenge 
Weichholz- und Hartholzfasern in der zweiten Schicht betragt; 

die Menge Recyclingfasern in der zweiten Schicht nicht mehr als 20 % der Menge der Recyclingfasern in der 
ersten Schicht betragt; 

die Konzentration des kationischen, stickstoffhaltigen Welch macher/Bindungslosers in der ersten Schicht 2 
% bis nicht mehr als 75 % der Konzentration des kationischen, stickstoffhaltigen Weichmacher/Bindungslosers 
in der zweiten Schicht betragt, wobei die Gesamtkonzentration des kationischen, stickstoffhaltigen Weichma- 
cher/Bindungslosers in dem einlagigen Badezimmer-Tissueprodukt zwischen 0,5 bis 4 kg/t (1 bis 8 lbs/ton) 
betragt; 

die Gesamtkonzentration des Festigkeit erhdhenden Mittels in dem einlagigen Badezimmer-Tissueprodukt 
von mindestens 1 bis 6 lbs/ton betrSgt, wenn die Menge Hartholz in der zweiten Schicht 20 % ubersteigt; und 
die Konzentration des Festigkeit erhohenden Mittels in der zweiten Schicht nicht mehr als das hohere von 
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0,25 kg/t (0.5 lbs/ton) Oder 20 % der Konzentralion des Festigkeit erhohenden Mittets in der ersten Schicht 
betragt, wenn die Gesamtkonzentration des Festigkeit erhohenden Mittels in dem elnlagigen Badezlmnner- 
Tlssueprodukt mindestens 0,5 kg/t (1 lb/ton) Obersteigt. 

24. Einlagiges Badezinnmer-Tissueprodukt nach Anspruch 1 , dadurch gekennzeichnet, da 6 es enthSIt: 

eineerste Schicht, umfassend Cellulosefaserfurdle Papierherstellung, ausgewahltausderGruppebestehend 
aus Hartholz-, Wetchholz- und Recyclingfasern, und katlonischen, stickstotfhaltigen Weichmacher/Bindungs- 
toser, wobei die Faser in der ersten Schicht veredelt wurde, und die erste Schicht in Kontakt mit dem Trok- 
kenzyiinder war; 

eine zweite Schicht. umfassend Cellulosefaser fur die Papierherstellung, ausgewahit aus der Gnjppe beste- 
hend aus Hartholz-, Welch holz- und Recyclingfasern, kationischen, stickstoffhattigen Weichmacher/Bindungs- 
loser; und 

wobei der kanadische Freeness-Standard der veredelten Faser in der ersten Schicht mindestens 50 Punkt 
ge ringer ist als der kanadische Freeness-Standard der Welch holzfaser in der zweite n Schicht 

25. Einlagiges Badezimmer-Tissueprodukt nach Anspnjch 1 , enthaltend: 

eine erste Schicht, umfassend Cellulosefaserfurdle Papierherstellung, ausgewShIt ausderGruppe bestehend 
aus Hartholz-, Welchholz- und Recyclingfasern, und kationischen, stlckstoffhaltigen Weichmacher/Bindungs- 
Idser und wahlweise Festigkeit erhohendes Mittel, wobei die erste Schicht in Kontakt mit dem Trockenzyllnder 
war; 

eine zweiten Schicht, umfassend Cellulosefaser fur die Papierherstellung, ausgewShlt aus der Gruppe beste- 
hend aus Hartholz-, Weichholz- und Recyclingfasern, und kationischen, stlckstoffhaltigen Weichmacher/Bin- 
dungsldser und wahtwelse Festigkeit erhohendes Mittel; 

wobei die Gesamtkonzentration, des kationischen, stlckstoffhaltigen Welch macher/Bindungslosers in dem etn- 
lagigen Badezimmer-Tissueprodukt zwlschen 0,5 bis 4 kg/t (1 bis 8 lbs/ton), gemessen auf Basis der trockenen 
Faser, betragt; 

die Konzentration des kationischen, stlckstoffhaltigen Welchmacher/Blndungslosers in der ersten Schicht von 
etwa 15 % bis nicht mehr als 75 % der Konzentration des kationischen, stlckstoffhaltigen Welchmacher/Bln- 
dungslosers in der zweiten Schicht betragt; 

die Konzentration des Festigkeit erhohenden Mittels in der ersten Schicht von mindestens 0,5 bis 3 kg/t (1 bis 
6 lbs/ton) betragt, wenn die Menge Hartholz in der zweiten Faser 25 % Obersteigt; 

die Konzentration des Festigkeit erhohenden Mittels in der zweiten Schicht nicht mehr als das hohere von 
0,25 kg/t (0,5 lbs/ton) Oder 20 % der Konzentration des Festigkeit erhohenden Mittels In der ersten Schicht 
betragt, wenn die Menge Hartholz in der zweiten Schicht 25 % Obersteigt. 

26. Tlssueprodukt nach einem der Anspruche 2 bis 7, 9 bis 15, 18 und 23 bis 25, dadurch gekennzeichnet, daB Fe- 
stigkeit erhohendes Mittel in dem Ttssueprodukt vorhanden ist 

27. Tlssueprodukt nach einem der vorstehenden Anspruche, enthaltend Festigkeit erhohendes Mittel, dadurch ge- 
kennzeichnet, da 8 dieses Festigkeit erhdhende Mittel Starke umfa8t 

28. Einlagiges Badezimmer-Tissueprodukt nach Anspruch 1 , enthaltend: 

eine erste Schicht, umfassend Cellulosefaser fur die Papierherstellung, umfassend einen groSeren Anteil Re- 
cycllngfaser, wahlweise kationischen, stlckstoffhaltigen Weichmacher/Bindungsloser, und ebenfalls wahlwei- 
se einen gerlngeren Anteil einer andere Faser, ausgewahit aus der Gruppe bestehend aus Hartholz-, Wetch- 
holz- und Recyclingfasern und deren Gemlschen, und auch wahlweise Festigkeit erhdhende Starke, wobei 
die erste Schicht in Kontakt mit dem Trokkenzylinder war; 

eine zweite Schicht, umfassend einen groBeren Anteil Weichholzfaser, kationischens, stlckstoffhaltigen 
Weichmacher/Bindungsloser und wahlweise einen gerlngeren Anteil etner anderen Faser ausgewahit aus der 
Gruppe bestehend aus Hartholzfaser, Recycllngfaser und deren Gemlschen, und auch wahlweise Festigkeit 
erhohende Starke; 

die Menge der Recyclingfasern In der ersten Schicht oberhalb mindestens 75 Gew.-% der ersten Schicht 
betragen; 

wobei die Menge an Weichholzfasern in der zweiten Schicht oberhalb von mindestens 60 Gew.-% der zweiten 
Schicht gehalten wird; 
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die Gesamtmenge der Weichholz- und Hartholzfasern in der zweiten Scliicht oberlialb von mindestens 60 
Gew.-% der zweiten Scliicht gehalten wird; 

die Gesamtmenge der Weichholz- und Hartholzfasern in der ersten Schtcht bei nicht mehr als 20% der Ge- 
samtmenge Weichholz- und Hartholzfaser in der zweiten Schicht gehalten wird; 

die Menge an Recyclingfasern in der zweiten Schicht bei nicht mehr als 20 % der Menge Recyclingfasern in 
der ersten Schicht gehalten wird; 

die Konzentration an kationischem, stickstoffhaltigen Weichmacher/Bindungsloser in der ersten Schicht in- 
nerhalb 2 % bis nicht mehr als 75 % der Konzentration des kationischen, stickstoffhaltigen Welchmacher/ 
Bindungsldsers in der zweiten Schicht gesteuert werden. die Gesamtkonzentration des kationischen, stick- 
stoffhaltigen Weichmacher/Bindungslosers in dem einlagigen Badezimmer-Tissueprodukt zwischen 0,5 kg 
und 4 kg/t (1 bis 8 lbs/ton) betragt; 

die Gesamtkonzentration an Festigkeit erhohender Starke in dem einlagigen Badezimmer-Tissueprodukt tm 
Bereich von mindestens etwa 0,5 kg bis etwa 3 kg/t (etwa 1 bis etwa 1 lbs/ton) gehalten wird, wenn die Menge 
Hartholz in der zweiten Schicht 20 % ubersteigt; 

die Konzentration an Festigkeit erhohender Starke in der zweiten Schicht so kontrolliert wird, daB sie nicht 
mehr als das hohere von 0,25 kg/t (0,5 lbs/ton) Oder 20 % der Konzentration der Festigkeit erhohenden Starke 
in der ersten Schicht betragt, wenn die Gesamtkonzentration von Festigkeit erhohender Starke in dem einla- 
gigen Badezimmer-Tissueprodukt nnindestens etwa 0,5 kg/t (1 lb/ton) ubersteigt. 

29. Tissueprodukt nach Anspruch 27 oder Anspruch 28, dadurch gekennzeichnet, daB die Amylose- und Amylopec- 
tingehalte der Starke im Bereich von 1 bis 30 bzw. 99 bis 70 % liegen. 

30. Tissueprodukt nach einem der vorstehenden Anspruche, dadurch gekennzeichnet. daB es stickstoffhaltigen 
Weichmacher/Bindungsloser enthalt, ausgewahit aus Imidazolinen, Amidoaminsalzen, linearen Amidoamlnen, 
vienwertigen Ammoniumsalzen und deren Gemischen. 

31. Tissueprodukt nach eInem der vorstehenden Anspruche, dadurch gekennzeichnet, daB es stickstoffhaltigen 
Weichmacher/Bindungsloser enthalt, ausgewahit aus 

Satzen der Struktur: 



in der EDA ein Diethylentriaminrest, R der Resteiner Fettsaure mit 12 bis 22 Kohlenstoffatomen und X ein 
Anton ist; 

Saize der Struktur: 



in der R der Rest einer Fettsaure mit 12 bis 22 Kohlenstoffatomen, R' eine niedere Alkylgruppe und X ein 
Anion ist; 

Gemlsche aus linearen Amidoaminen und Imidazolinen der folgenden Stnjktur: 



[(RCO)2EDA]HX 



[(RC0NHCH2CH2)2NR'1HX 



O H 



H 



X 



9 



E 



O 



(i) 



II I I 
C17H33-C-N-CH2-CH2-N' 




und 
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(ii) 

5 



10 

worin X ein Anion ist. 

32. Tissueprodukt nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet, daB das Tissue einem Prage- 
prozeB unterworfen wurde, bei dem die Hartmusterrolle des Pragestempels die Trockenwalzenseite der Bahn 

J5 tragt, wahrend die Gummiwalze im Pragespalt der freien Seite zugewandt ist. 

33. Tissueprodukt nach einem der vorstelienden Anspruche, dadurch gekennzeichnet, daB das Tissueprodukt einen 
Zweiseitigkeitsparameter von weniger als 0,225, eine Zugfestigkett von nicht mehr als 27 g/% Dehnung und eine 
GM MMD von nicht mehr als 0,21 aufweist. 

20 

34. Tissueprodukt nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daS es einen Zweiseitigkeits- 
parameter im Bereich von 0,1 bis 0,225 aufweist 

35. Tissueprodukt nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, da 8 die zweite Schicht die der 
25 Luft zugewandte Seite ist. 

36. Tissueprodukt nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB sie ein Basisgewicht von 
mindestens 0,016 kg/m^ (10 Pfund/3000 QuadratfuB-Ries) hat. 

30 37. Tissueprodukt nach Anspnjch 36, das ein Basisgewicht von 0,016 bis 0,044 kg/m^ (10 bis 27 Pfund/3000 Qua- 
dratfuB-Ries) aufweist. 

38. Tissueprodukt nach einem der Anspruche 2, 3, 13, 14, 19 und 25 oder einem der Anspruche 26, 27 und 29 bis 
37, wenn ruckbezogen auf einen der Anspruche 2, 3, 13, 14, 19 und 25, dadurch gekennzeichnet, daB die erste 

35 Schicht Hartholzfaser umfaSt, wahlweise mlt einer geringeren Menge Faser, ausgewahlt aus Weichholz- und Re- 

cyclingfaser, und die zweite Schicht Fasern umfaBt, ausgewahlt aus Weichholz- und Recycltngfaser, wahlweise 
mit einer geringen Menge Hartholzfaser. 

39. Verfahren zur Herstellung eines weichen Badezimmer-Tissueprodukts nach einem der Anspruche 1 bis 38, bei 
40 dem man: 

einer ersten Kammer eines geschichteten Stoffauflaufkastens mit mindestens zwei Kammern eine erste Be- 
schickung zufuhrt, welche die Komponenten zur Bildung der ersten Schicht des Produktes e nth alt; 
einer zweiten Kammer des geschichteten Stoffauflaufkastens eine zweite Beschickung zufuhrt, enthaltend die 
<5 Bestandteile zur Bildung der zweiten Schicht des Produktes; 

eine entstehende Bahn durch Abscheidung der Beschickungen auf einer beweglichen lochrigen Unterlage 
ausbildet, 

die entstehende Bahn naB preBt; 

das entstehende Gewebe auf eine Trockenwaize uberfuhrt, das Gewebe an die Trockenwaize mit der ersten 
50 Schicht des Gewebes in Kontakt mit der Oberflache der Trockenwaize In haftende Verbindung bringt, das 

Gewebe von der Trockenwaize kreppt; und 
ein gekrepptes, getrocknetes Badezimmer-Tlssueprodukt gewinnt. 

40. Verfahren nach Anspruch 39, dadurch gekennzeichnet, daB die erste Beschickung die Bestandteile zur Bildung 
55 einer ersten Schicht enthSlt. umfassend veredelte Weichholzfaser und wahlweise eine andere Cellulosefaser zur 

Papierherstetlung, ausgewahlt aus der Gruppe bestehend aus Hartholz-, Weichholz- und Recyclingfasern und 
deren Gemischen; 



0 H CHi-CHi 

II I X®/ 1 

N 



C„H33-C-N-CHj-CH,-N-^ 
R' C 



17°J3 
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die zweite Beschichtung die Bestandteile zur Bildung einer zweiten Schicht enth&tt, umfassend mindestens 
einen groBeren Antell Weicliholz- und wahlweise eine andere Cellulosefaser zur Papierherstellung, ausge- 
wShlt aus der Gruppe bestehend aus Hartholz-, Weichholz- und Recyclingfasern und deren Gemischen; und 
der kanadische Freeness-Standard der veredelten Weichholzfaser in der ersten Schicht mindestens 50 Punkte 
geringer ist als der kanadische Freeness-Standard der Weichholzfaser in der zweiten Schicht. 

41. Verfahren nach Anspruch 39 Oder Anspruch 40, dadurch gekennzeichnet, da 8 der kationische Weichmacher/ 
Bindungsloser in einer Menge von 0,05 bis 5 kg/t (0,1 bis 10 Pfund per ton) der Beschickung zugegeben wird. 

42. Verfahren nach Anspnjch 39, dadurch gekennzeichnet, da6 

die erste Beschickung die Bestandteile zur Bildung einer ersten Schicht enthSIt, umfassend einen groSeren 
Anteil Recyclingfaser, wahlweise kationische n, stickstoffhaltigen Welch macher/BlndungsIoser und auch wahl- 
weise einen geringeren Anteil einer anderen Faser, ausgewahit aus der Gruppe bestehend aus Hartholzfaser. 
Weichholzfaser und deren Gemischen, und auch wahlweise Festigkeit erhohende St§rke; 
die zweite Beschickung die Bestandteile zur Bildung einer zweiten Schicht enthatt, umfassend einen groBeren 
Anteil Weichholzfaser, kationlschen, stickstoffhaltigen Welchmacher/Blndungsloser und wahlweise einen klei- 
neren Anteit einer anderen Faser, ausgewahit aus der Gruppe bestehend aus Hartholzfaser, Recyclingfaser 
und deren Gemischen, und auch wahlweise Festigkeit erhohende StSrke; 

die Menge der Recyclingfasern in der ersten Schicht oberhalb von mindestens etwa 75 Gew.-% der ersten 
Schicht gehalten wird; 

die Menge der Weichholzfasern in der zweiten Schicht oberhalb von mindestens 60 Gew.-% der zweiten 
Schicht gehalten wird; 

die Gesamtmenge Weichholz- und Hartholzfasern in der ersten Schicht bei nicht mehr als 20 % der Gesamt- 
menge Weichholz- und Hartholzfasern in der zweiten Schicht gehalten wird; 

die Menge Recyclingfasern in der zweiten Schicht bei nlcht mehr als 20 % der Menge Recyclingfasern in der 
ersten Schicht gehalten wird; 

die Konzentration des kationlschen, stickstoffhaltigen Welchmacher/Bindungslosers in der ersten Schicht so 
kontrolliert wird, daB sie innerhalb 2 % bis nicht mehr als 75 % der Konzentration des kationlschen, stickstoff- 
haltigen Welchmacher/Bindungslosers in der zweiten Scfiicht betragt, die Gesamtkonzentration des kationl- 
schen, stickstoffhaltigen Welchmacher/Bindungslosers in dem einlagigen Badezimmer-Tissueprodukt zwi- 
schen 0,5 bis 4 kg/t (1 bis 8 lbs/ton) liegt; 

die Gesamtkonzentration der Festigkeit erhohenden Starke in dem einlagigen Badezimmer-Tissueprodukt im 
Bereich von mindestens 0,5 bis 3 kgA (1 bis 6 lbs/ton) gehalten wird, wenn die Menge Hartholz in der zweiten 
Schicht 20 % ubersteigt; und 

die Konzentration der Festigkeit erhohenden Starke in der zweiten Schicht so gesteuert wird, daB sle nicht 
mehr als das hohere von 0,25 kg/t (0,5 lbs/ton) oder 20 % der Konzentration der Festigkeit erhohenden Starke 
in der ersten Schicht betragt, wenn die Gesamtkonzentration der die Festigkeit erhohenden Starke In dem 
einlagigen Badezimmer-Tissueprodukt mindestens 0,5 kg/t (1 lb/ton) ubersteigt. 

43. Verfahren nach Anspruch 42, dadurch gekennzeichnet, daB der kationische, stickstoffhaltige Welch macher/Bln- 
dungsloser auf die erste Schicht des chemisch geschlchteten Gewebes aufgespruht wird. 

44. Verfahren zur Bildung eines werchen Badezimmer-Tissueprodukts nach Anspruch 1, dadurch gekennzeichnet, 
daS das Gewebe durch Kombination von mindestens zwei Beschickungsquellen vor der Abscheidung von Be- 
schickung auf das sich bildende Gewebe gebildet wird; 

die erste Beschickungsquelle, umfassend Weichholz und ein Festigkeit erhohendes Mittel; und 
die zweite Beschickung, umfassend Hartholz und einen Weichmacher/Bindungsloser, die Weichholzfasern 
und Hartholzfasern In Mengen lieferl, die ausretchen, elne Gesamtbeschlckung zu bilden, umfassend 40 bis 
60 Gew.-% Weichholzfasern und 60 bis 40 Gew.-% Hartholzfasern, wobel das Festigkeit erhohende Mittel der 
Weichholzquelle in einer Menge von 1,5 bis 6 kg/t (3 bis 12 lbs/ton), bezogen auf die Gesamtbeschlckung 
zugesetzt wird und der Weichmacher/Bindungsloser dem Gewebe auf der Luftseite, nach Kombinieren beider 
Beschickungen in einer Menge von 1 bis 2 kg/t (2 bis 4 lbs/ton), bezogen auf die Gesamtbeschlckung, zuge- 
3etztv,'ird,-und die Mengsdes-VVsichmacher/Bindungslossr und die-re lath's n Men 

holz so gesteuert werden, daB das Gewebe einen Zweiseitlgkeltsparameter von wenlger als 0,3, ein Zugmodul 
von nicht mehr als 30 g/% Dehnung. eine GM MMD Reibung von nicht mehr als 0,23 und eine Trockenfestigkeit 
in Querrichtung von mindestens 200 g pro 76,2 mm (3 Inches) aufweist. 
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45. Verfahren zur Bildung von weichem Badezimmer-Tissueprodukt nach Anspruch .1, dadurch gekennzeichnet, daB 
das Gewebe durch Kombination von mindestens zwei Beschtekungsquellen vor der Abscheidung der Beschickung 
bel Bildung des Gewebes gebildet wird; 

5 die erste Bescliickungsquelle Weichholz-, Recyclingfaser und wahlweise ein Festigkeit erhdhendes Mittel um- 

faBt; und 

die zweite Beschickung Hartholz-, Weichholz- und Recyclingfaser und wahlweise einen Weichmacher/Bin- 
dungsloser umfaBt, die Weichholzfasern und Hartholzfasern in Mengen zur Verfugung steilt, die ausreichen 
zur Bildung einer Gesamtbeschlckung, umfassend 40 bis 100 Gew.-% Weichholzfasern und Recyclingfasern 

10 und 60 bis 0 Gew.-% Hartholzfasern, wobei 0 bis 1 2 Pfund (lb) des Festigkeit erhohenden Mittels pro Tonne 

der Gesamtbeschlckung der Weichholzquelle zugegeben werden und 0 bis 5 Pfund (lb) des Weichmacher/ 
Bindungslosers pro Tonne der Gesamtbeschlckung dem Gewebe auf der Luftseite zugegeben werden, nach- 
dem beide Beschickungsquellen kombiniert wurden, und die Menge des Weichmacher/Bindungslosers und 
die relative n Mengen von Weichholz zu Hartholz so gesteuert werden, daS das Tissue einen Zweiseitigskeits- 

15 parameter von weniger als 0,3, ein Zugmodul von nicht mehr als 30 g/% Dehnung, eine GM MMD Reibung 

von nicht mehr als 0,23 und eine Trockenzugfestigkeit in Querrichtung von mindestens 200 g pro 76,2 mm (3 
Inches) aufweist. 

46. Verfahren nach einem der Anspruche 39 bis 45, dadurch gekennzeichnet, daB der Kreppwinkel gesteuert wird, 
20 um einen Winkel von geringer als 80*' zu bilden, 

47. Verfahren nach Anspruch 46, dadurch gekennzeichnet, daS der Kreppwinkel so gesteuert wird, daB ein Winkel 
von 70 bis 78'* gebildet wird. 

25 48. Verfahren nach einem der Anspruche 39 bis 47, dadurch gekennzeichnet, daB der stickstoffhaltige Klebstoff auf 
die Stahlseite der Trockenwalze aufgebracht wird. 

49. Verfahren nach Anspruch 48, dadurch gekennzeichnet, daB der stickstoffhaltige Klebstoff in einer Menge von 0,05 " 
kg bis 0,15 kg/t (0,1 bis 0,3 Pfund per inch) der Beschickung zugegeben wird. 

30 

50. Verfahren nach Anspruch 48 Oder 49, dadurch gekennzeichnet, daB der stickstoffhaltige Klebstoff ein glyoxyliertes 
Polyacrylamid oder ein Polyamlnoamid ist. 

51. Verfahren nach Anspruch 50, dadurch gekennzeichnet, daS der glyoxylierte Polyacrylamldanteil in Form einer 
35 Mischung oder in Form eines Terpolymers vorliegt, umfassend mindestens 40 Gew.-% Polyacrylamid und minde- 
stens 2 Gew.-% Glyoxal. 

52. Verfahren nach einem der Anspruche 39 bis 51 , dadurch gekennzeichnet, daB das Tissue dadurch gepr§gt wird, 
daB eine harte Mustenwalze des Pragespalts die Trokkenzylinderseite der Bahn und eine Gummiwaize im Spalt 

40 diefreieSeiteerfaSt. 



Revendicatlons 

4S 1 . Un produitde papier tissu de salle de bains ^ une seule ^paisseur comprenant un papier tissu ^ une seule epaisseur 
form6 en pressant ^ r6tat humide, de fagon classique, une nappe de cellulose, en falsant adherer ladite nappe k 
un s6cheur Yankee et en cr^pant ladite nappe k partir dudit s^cheur Yankee, caract6ris6 en ce que ledit papier 
tissu renferme une structure non d6stratifi6e comprenant au moins deux couches differenci^es en composition, 
iadite stnjcture ayant un param^tre de texture S pas supdrieur ^ 0,3, un module de traction pas sup^rleur k une 

50 contrainte de 32 grammes/pourcent, une d6vlatlon de frottement moyenne g6om6trique GM MMD pas sup6rieure 

^ 0.23, et une resistance ^ la traction k sec dans la direction transversale d*au moins 200 grammes par 76,2 mm 
(3 pouces). 

2. Un produit de papier tissu de salle de bains d une seule Epaisseur selon la revendlcation 1 comprenant : 

55 

une premiere couche comprenant une fibre de fabrication de papier cellulosique choisie par mi le groupe com- 
prenant le bois dur, le bois tend re et les fibres recycl^es et des agents de d6liaison/adouctssement azotes 
cationiques, et ladite premiere couche ayant 6t6 en contact avec ledit s6cheur Yankee ; 
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une deuxi^me couche comprenant une fibre de fabrication de papter cettulosique choisle parmi le groupe 
comprenant le bois dur, le bois tendre et les fibres recycl^es et un agent de d^liaison/adoucissement azot^ 
cationique ; 

ia concentration globale de t'agent de d^liaison/adoucissement azot^ cationique dans ledit prodult de papier 
tissu de salle de bains k une seule ^paisseur ^tant comprise entre 0,5 et 4 kgA (1^8 livres/tonne). 

Un produit de papier tissu de salle de bains d une seule ^paisseur selon la revendication 2, caract^risd en ce que 
la concentration de I'agent de d^liaison/adoucissement azot6 cationique dans ladite premiere couche se situe 
dans la gam me de 2 % ^ pas plus de 75 % de la concentration dudit agent de d^liaison/adouclssement azot^ 
cationique dans la deuxi^me couche. 

Un produit de papier tissu de salle de bains ^ une seule ^paisseur selon la revendication 2 ou la revendication 3. 
caract^ris^ en ce que : 

ladite premiere couche comprend une partle majeure de fibres de recyclage, ^ventuetlement I'agent de d^- 
liaison/adoucissement azot^ cationique et ^ventueilement une partie mineure d'une autre fibre choiste parmt 
le groupe comprenant une fibre de bois dur, une fibre de bois tendre et leurs melanges et ^galement, 6ven- 
tuellement, un agent am^liorant la resistance ; 

ladite deuxidme couche comprend une partie majeure de fibres de bois tendre, 6ventuellement Tagent de 
d6liaison/adoucissement a20t6 cationique, et 6ventuellement une partie mineure d'une autre fibre choisie 
parmi le groupe comprenant une fibre de bois dur, une fibre de recyclage et leurs melanges et ^galement, 
^ventuetlement, un agent ameliorant la resistance ; 

la quantity de fibres de recyclage dans ladite premiere couche est au moins de GO % en poids de la premiere 
couche ; 

la quantity de fibres de bois tendre dans ladite deuxieme couche est au moins 60 % en poids de la deuxleme 
couche ; 

la quantity combtn^e de fibres de bois tendre et de bois dur dans ladite premiere couche ne reprise nte pas 
plus de 20 % de la quantity combin6e de fibres de bois tendre et de bois dur dans ladite deuxieme couche ; 
la quantite de fibres de recyclage dans ladite deuxieme couche reprise nte pas plus de 20 % de la quantity 
de fibres de recyclage dans ladite premiere couche ; 

la concentration globale de I'agent ameliorant la resistance dans ledit produit de papier tissu de salle de bains 
k une seule epalsseur represente de 0,5 & 43 kg A (1^6 livres/tonne) si bien que la quantite de bois dur dans 
la deuxieme couche depasse 20 % ; et 

la concentration de I'agent ameliorant la resistance dans ladite deuxieme couche n'est pas superieure k 0,25 
kg/t (0,5 livreAonne) ou d 20 % de la concentration dudit agent ameliorant la resistance dans la premiere 
couche si la concentration globale de I'agent ameliorant la resistance dans ledit produit de papier tissu de 
salle de bains a une seule epaisseur depasse 0,5 kgA (1 livre/tonne). 

Un papier tissu selon la revendication 4, caracterise en ce que la quantite de fibres de recyclage dans ladite 
premiere couche est d'au moins 75 %. 

Un produit de papier tissu de salle de bains ^ une seule epaisseur selon la revendication 2 ou la revendication 3, 
caracterise en ce que : 

ladite premiere couche comprend une partie majeure de fibres de bois tendre, d'un agent de deilaison/adou- 
cissement azote cationique et eventuellement une partie mineure d'une autre fibre choisie parmi le groupe 
comprenant les fibres de bois dur, les fibres de recyclage et leurs melanges, et eg alement eventuellement un 
agent ameliorant la resistance, 

ladite deuxieme couche comprend des fibres de bois tendre, un agent de deiiaison/adoucissement azote 
cationique et eventuellement une autre fibre choisie parmi le groupe comprenant les fibres de bois dur, les 
fibres de recyclage et leurs melanges et egalement, eventuellement, un agent ameliorant la resistance ; 
la quantite de fibres de bois tendre dans ladite premiere couche est d'au moins 60 % en poids de la premiere 
couche ; 

la quantite de fibres de bois tendre dans ladite deuxieme couche represente au moins 40 % en poids de la 
deuxieme couche ; 

la quantite de fibres de bois dur dans ladite premiere couche represente pas plus de 40 % de la quantite de 
fibres de bois dur dans ladite deuxieme couche ; 

la concentration globale de I'agent ameliorant la resistance dans ledit produit de papier tissu de salle de bains 
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S une seule ^paisseur est de 1 ^ 6 livres/tonne si la quantity de bois dur dans la deuxi^me couche d^passe 
20 % : et 

la concentration de I'agent am^liorant la resistance dans ladite deuxi^me couche n'est pas sup^rieure k 0,25 
kg/t (0,5 llvre/tonne) ou 20 % de la concentration dudit agent am^liorant la resistance dans la premiere couche 
si la concentration giobate de Tagent ameiiorant la resistance dans ledit produit de papier tissu de salle de 
bains ^ une seule epaisseur depasse au moins 0,5 kg/t (1 livre/tonne). 

7. Un produit de papier tissu selon la revendication 6, caracterise en ce que la quantity de fibres de bois dur dans la 
premiere couche n'est pas superieure k 30 %. 

8. Un produit de papier tissu de salle de bains d une seule epaisseur selon la revendication 2 ou la revendication 3, 
caracterise en ce que : 

tadite premiere couche comprend des fibres de bois tendre etde recyclage, un agent ameiiorant la resistance 
et un agent de deliaison/adoucissement azote cation ique ; 

ladite deuxieme couche comprend des fibres de bois tendre, de bois dur etde recyclage, un agent de del taison/ 
adoucissement azote cationique et 6ventuellement un agent ameiiorant la resistance ; 
la concentration globale de I'agent ameiiorant la resistance dans ledit produit de papier tissu de salle de bains 
^ una seule epaisseur etant au moins de 0,05 1 3 kg/t (1^6 livres/tonne) ; et 

la concentration de I'agent ameiiorant ta resistance dans ladite deuxieme couche n'est pas superieure k 0,25 
kg/t (0,5 livre/tonne) ou 30 % de la concentration dudit agent ameiiorant la resistance dans la premiere couche. 

9. Un produit de papier tissu de salle de bains ^ une seule epaisseur selon la revendication 2 ou la revendication 3, 
caracterise en ce que : 

ladite premiere couche comprend des fibres de recyclage, un agent de deiiaison/adoucissement azote catio- 
nique et eventueliement une autre fibre choisie parmi le groupe comprenant les fibres de bois dur, les fibres 
de bois tendre et leurs melanges et egalement, eventueliement, un agent ameiiorant la resistance ; 
ladite deuxieme couche comprend une fibre de bois tendre, un agent de deiiaison/adoucissement azote ca- 
tionique et eventueliement une autre fibre choisie parmi le groupe comprenant les fibres de boir dur, les fibres 
de recyclage et leurs melanges et egalement, eventueliement, un agent ameiiorant la resistance ; 
la quantite des fibres de recyclage dans ladite premiere couche est d'au moins 40 % en poids de la premiere 
couche ; 

la quantite des fibres de bois tendre dans ladite deuxieme couche est au moins de 50 % en poids de ta 
deuxieme couche ; 

la quantite de fibres de bois dur dans ladite premiere couche n'est pas superieure a 20 % de la quantite de 
fibres de bois dur dans ladite deuxieme couche ; 

la quantit^Se de fibres de recyclage dans ladite deuxieme couche n'est pas sup6rieure k 40 % de la quantite 
de fibres de recyclage dans tadite premiere couche ; 

la concentration de I'agent ameiiorant la resistance dans la premiere couche est de 0,5 ^ 3 kgA (1^6 livres/ 
tonne) si la quantite de bois dur dans la deuxieme couche depasse 25 % ; 

la concentration de I'agent ameiiorant la resistance dans ladite deuxieme couche n'est pas superieure k 0,25 
kg/t (0,5 livre/tonne) ou 20 % de la concentration dudit agent ameiiorant la resistance dans la premiere couche 
si la quantite de bois dur dans la deuxieme couche depasse 25 %. 

10. Un papier tissu selon la revendication 9, caracterise en ce que la quantite de fibres de recyclage dans ladite 
deuxieme couche n'est pas superieure ^ 30 % de la quantite de fibres de recyclage dans ladite premiere couche. 

11. Un produit de papier tissu de salle de bains ^ une seule epaisseur selon la revendication 2 ou la revendication 3, 
caracterise en ce que : 

ladite premiere couche comprend des fibres de bois tendre et de recyclage, un agent de deiiaison/adoucis- 
sement azote cationique et eventuellennient des fibres de bois dur et egalement, eventueliement, un agent 
ameiiorant la resistance ; 

ladite deuxieme couche comprend des fibres de bois tendre, un agent de deiiaison/adoucissement azote 
cationique et eventueliement une autre fibre choisie parmi le groupe comprenant les fibres de bois dur, les 
fibres de recyclage et leurs melanges et egalement, eventueliement. un agent ameiiorant la resistance ; 
la quantite comblnee des fibres de recyclage et des fibres de bois tendre dans ladite premiere couche repre- 
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sente au moins 75 % en poids de la premiere couche ; 

la quantity des fibres de bois tendre dans ladlte deuxidme couche repr^sente au moins 50 % en poids de ia 
deuxi^me couche ; 

la quantity de fibres de bois dur dans ladtte premiere couche n'est pas sup6rieure ^ 40 % de la quantity de 
5 fibres de bois dur dans ladite deuxl^me couche ; 

la quantity des fibres de recyclage dans ladite deuxi^me couche n'est pas sup^rieure ^ 20 % de la quantite 
de fibres de recyctage dans ladite premiere couche ; 

la concentration de i'agent am^liorant la resistance dans la premiere couche est de 0,5 ^ 3 kgA (1^6 livres/ 
tonne) si la quantity de bois dur dans ta deuxidme couche d^passe 25 % ; et 
10 la concentration de I'agent am^Iiorant la resistance dans ladite deuxi^me couche n'est pas sup^rieure S 0,25 

kg/t (0,5 livre/tonne) ou 20 % de la concentration dudit agent ameiiorant la resistance dans la premiere couche 
si la quantite de bois dur dans ta deuxieme couche depasse 25 %. 

12. Un papier tissu selon la revendication 1 1 , caracterise en ce que la quantite de fibres de bois dur dans ladite premiere 
15 couche n'est pas superieure e 30 % de la quantite de fibres de bois dur dans ladite deuxieme couche. 

13. Un produit de papier tissu de salle de bains ^ une seute epalsseur sebn la revendication 2 ou la revendication 3, 
caracterise en ce que : 

20 Tune ou I'autre ou les deux de ladite premiere couche et deuxieme couche renferment eventuellement un 

agent ameiiorant la resistance ; 

la concentration de I'agent ameiiorant la resistance dans la premiere couche est de 0,5 k 3 kgA (1 a 6 livres/ 
tonne) si bien que ia quantite de bois dur dans la deuxieme couche depasse 25 % ; et 
la concentration de I'agent ameiiorant la resistance dans ladite deuxieme couche n'est pas superieure ^ 0,25 
25 kg/t (0,5 livre/tonne) ou 20 % de la concentration dudit agent ameiiorant ia resistance dans la premiere couche 

si la quantite de bois dur dans la deuxieme couche depasse 25 %. 

14. Un produit de papier tissu de salle de bains k une seule epalsseur selon la revendication 2 ou ta revendication 3, 
caracterise en ce que : 

30 

la concentration de I'agent de deiiaison/adoucissement azote cationlque dans ladite premiere couche est de 
15 % ^ pas plus de 75 % de la concentration dudit agent de deiiaison/adoucissement azote cationique dans 
la deuxieme couche ; 

la premiere couche renferme au moins environ 0,5 ^ environ 3 kg/t (environ 1 k environ 6 livres/tonne) d'agent 
35 ameiiorant la resistance si la quantite de bois dur dans la deuxieme couche depasse 25 % ; et 

ladite deuxieme couche renferme un agent ameiiorant la resistance selon une quantite qui n'est pas superieure 
k environ 0,25 kg/t (0,5 livre/tonne) ou 20 % de la concentration dudit agent ameiiorant la resistance dans la 
premiere couche si la quantite de bois dur dans la deuxieme couche depasse 25 %. 

40 15. Un produit de papier tissu de salle de bains a une seule epalsseur selon la revendication 1 comprenant: 

une premiere couche comprenant des fibres de bois tendre et eventuellement des fibres de fabrication de 
papier cellulosiques choisies parmi le groupe comprenant les fibres de bois dur et de recyclage, au moins une 
partie majeure de iadite fibre dans ladite premiere couche ayant ete raffinee, ladite premiere couche ayant 
45 ete en contact avec ledit secheur Yankee ; 

une deuxieme couche comprenant des fibres de fabrication de papier cellulosiques choisies parmi le groupe 
comprenant les fibres de bois dur, de bois tendre et de recyclage ; et 

le degre standard canadien des fibres raffinees incorporees dans tadtte premiere couche etant d'au moins 50 
points Inferieur au degre standard canadien des fibres de bois tendre incorporees dans ladite deuxieme cou- 
50 Che. 

16. Un produit de papier tissu de salle de bains ^ une seule epalsseur selon la revendication 1 5, caracterise en ce que : 

ladite premiere couche comprend un agent de deiiaison/adoucissement azote cationlque avec un agent ame- 
55 jlorant la resistance et au moins une majeure partie desdites fibres de bois tendre dans ladite premiere couche 

a ete raffinee ; 

ladite deuxieme couche comprend un agent de deiiaison/adoucissement azote cationique et eventuellement 
un agent ameiiorant la resistance ; 
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la concentration globale de I'agent am^liorant ta resistance dans ledtt produit de papier tissu de saile de bains 
a una seule 6paisseur est de 1 a 6 livres/tonne ; et 

la concentration de I'agent ann61iorant la resistance dans ladite deuxidnne couche n'est pas sup6rieure k 0,25 
kg/t (0,5 livre/tonne) ou 20 % de la concentration de I'agent am6liorant la resistance dans la premiere couche. 

5 

1 7. Un produit de papier tissu de salle de bains ^ une seule epaisseur selon la revendication 1 5, caracterise en ce que : 

ladite premiere couche comprend des fibres de bois tendre et de recyclage avec des agents ameiiorant la 
resistance, au molns une majeure partie desdites fibres de bois tendre et de recyclage ayant ete rafflnee ; 
10 ladite deuxieme couche comprend des fibres de bois tendre, de bois dur et de recyclage et eventuellement 

des agents ameiiorant la resistance ; 

la concentration globale de Tagent ameiiorant la resistance dans [edit produit de papier tissu de salle de bains 
^ une seule epatsseur etant d'au moins 1 k 6 livres/tonne ; et 

ta concentration de i'agent ameiiorant la resistance dans ladite deuxieme couche n'etant pas superieure k 20 
IS % de fa concentration dudit agent ameiiorant la resistance dans la premiere couche. 

18. Un produit de papier tissu de salle de bains k une seule epaisseur selon la revendication 1 , comprenant : 

une premiere couche comprenant des fibres de bois tendre raffinees et eventuellement une autre fibre de 
20 fabrication de papier cellulostque choisie parmi le groupe comprenant tes fibres de bois dur, de bois tendre et 

de recyclage et leurs melanges, ladite couche ayant ete en contact avec ledit secheur Yani^ee ; 

une deuxieme couche comprenant au moins une majeure partie de fibres de bois tendre et eventuellement 

une autre fibre de fabrication de papier cellulosique choisie parmi le groupe comprenant le bois dur, le bois 

tendre et les fibres de recyclage et leurs melanges ; 
25 le degre standard canadien des fibres de bois tendre raffinees Incorporees dans ladite premiere couche etant 

d'au molns 50 points inferieur au degr6 standard canadien des fibres de bois tendre incorpor6es dans ladite 

deuxieme couche. 

19. Un produit de papier tissu de salle de bains k une seule epaisseur selon la revendication 1 , caracterise en ce quil 
30 comprend : 

une premiere couche comprenant des fibres de fabrication de papier cellulosiques choisies parmi le groupe 
comprenant les fibres de bois dur, de bois tendre et les fibres recyclees et un agent ameiiorant la resistance, 
ladite premiere couche ayant 6t6 en contact avec ledit s6cheur Yanl<ee ; 
35 une deuxieme couche comprenant des fibres de fabrication de papier cellulosiques choisies parmi le groupe 

comprenant les fibres de bois dur, de bois tendre et recyciees, et eventuellement un agent ameiiorant ta 
resistance ; 

la concentration globale de I'agent ameiiorant la resistance dans ledit produit de papier tissu de salle de bains 
^ une seule epaisseur etant de 0,5 k 3 kg/t (1^6 livres/tonne} ; et 
^ la concentration de I'agent ameiiorant la resistance dans ladite deuxieme couche n'etant pas superieure k 

0,25 kg/t (0,5 livre/tonne) ou 20 % de la concentration de I'agent ameiiorant la resistance dans la premiere 
couche. 

20. Un produit de papier tissu de salle de bains d une seule epaisseur selon la revendication 1 9, caracterise en ce que : 
^s la quantite de fibres de bois dur dans ladite deuxieme couche represente au moins 20 % en poids de la 

deuxieme couche. 

21 . Un produit de papier tissu de salle de bains ^ une seule epaisseur selon la revendication 20, caracterise en ce que : 

50 ladite premiere couche comprend des fibres de bois tendre et de recyclage et un agent ameiiorant la 

resistance ; 

ladite deuxieme couche comprend des fibres de bois tendre, de bois dur et de recyclage et eventuellement 
un agent ameiiorant la resistance ; 

la quantite combinee de fibres de bois tendre et de recyclage dans tadlte premiere couche represente au 
55 moins 60 % en poids de la premiere couche ; et 

la quantite combinee des fibres de bois tendre et de recyclage dans ladite deuxieme couche represente au 
molns 40 % en poids de la deuxieme couche. 
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22. Un papier tissu selon la revendication 20 ou la revendicatlon 21 . caractdris^ en ce que la quantity de fibres de 
bols tendre et de recyclage dans ladite premlfere couche repr6sente au moins 75 % en poids de la premifere couche. 

23. Un produit de papier tissu de salle de bains k una seule ^paisseur selon ta revendication 1 comprenant : 

5 

une premiere cx)uche comportant une partie majeure de fibres de recyclage, ^ventueltement un agent de 
d^liatson/adoucissement azot^ cationique et ^galement, ^ventuellement, une partie mineure d'une autre fibre 
choisie parmi te groupe comprenant les fibres de bols dur, les fibres de bois tendre et leurs melanges et 
^galement, ^ventueliement, un agent am^liorant la resistance, ladite premiere couche ayant ^t^ en contact 

10 avec ledit s^cheur Yankee ; 

une deuxi6me couche comprenant une partie majeure de fibres de bois tendre, 6ventuetlement un agent de 
ddliaison/adoucissement azote cationique et, ^ventuellement, une partie mineure d'une autre fibre choisie 
parmi ie groupe comprenant les fibres de bois dur, les fibres de recyclage et leurs melanges et 6galement, 
eventuellement un agent ameiiorant ta resistance ; 

15 la quantite de fibres de recyclage dans ladite premiere couche represente au moins 60 % en poids de la 

premiere couche ; 

la quantite de fibres de-bois tendre dans ladite deuxieme couche represente au moins 60 % en poids de la 
deuxieme couche ; 

la quantite combinee de fibres de bois tendre et de bois dur dans ladite premiere couche represente pas plus 
20 de 20 % de la quantite combinee de fibres de bois tendre et de bois dur dans ladite deuxieme couche ; 

la quantite de fibres de recyclage dans ladite deuxieme couche n*est pas superieure ^ 20 % de ta quantite de 
fibres de recyclage dans ladite premiere couche ; 

la concentration de I'agent de deiiaison/adoucissement azote cationique daps ladite premiere couche repre- 
sente de 2 % k pas plus de 75 % de la concentration dudit agent de deiiaison/adoucissement azote cationique 
25 dans la deuxieme couche, la concentration globale de I'agent de deiiaison/adoucissement azote cationique 

dans ledit produit de papier tissu de salle de bains k une seule epaisseur etant comprise entre 0,5 et 4 kq/t 
(1^8 livres/tonne) ; 

la concentration globale de I'agent ameiiorant la resistance dans ledit produit de papier tissu de salle de bains 
k une seule epaisseur etant au moins de 1 k 6 livres/tonne si la quantite de bois dur dans la deuxieme couche 
30 depasse 20 % ; et 

la concentration de I'agent ameiiorant la resistance dans ladite deuxieme couche n'est pas superieure e 0,25 
kg/t (0.5 livre/tonne) ou 20 % de la concentration dudit agent ameiiorant la resistance dans la premiere couche 
si la concentration globale de I'agent ameiiorant fa resistance dans ledit produit de papier tissu de salle de 
bains k une seule epaisseur depasse au moins 0,5 kg/t (1 livre/tonne). 

35 

24. Un produit de papier tissu de saite de bains k une seule epaisseur selon la revendication 1 , caracteris6 en ce quil 
comprend : 

une premiere couche comprenant des fibres de fabrication de papier cellulosiques choisies parmi Ie groupe 
40 comprenant les fibres de bois dur, de bois tendre et recyciees et un agent de deiiaison/adoucissement azote 

cationique, ladite fibre dans ladite premiere couche ayant ete raffinee, ladite premiere couche ayant ete en 
contact avec ledit secheur Yankee ; 

une deuxieme couche comprenant des fibres de fabrication de papier cellulosiques choisies parmi ie groupe 
comprenant les fibres de bois dur, de bois tendre et recyciees, un agent de deiiaison/adoucissement azote 
45 cationique ; et 

Ie degre standard canadien de la fibre raffinee incorporee dans ladite premiere couche etant au moins de 50 
points inferieur au degre standard canadien de la fibre de bois tendre incorporee dans ladite deuxieme couche. 

25. Un produit de papier tissu de salle de bains k une seule epaisseur selon la revendication 1 comprenant : 

50 

une premiere couche comprenant des fibres de fabrication de papier cellulosiques choisies parmi Ie groupe 
comprenant les fibres de bois dur, de bols tendre et recyciees, et un agent de deiiaison/adoucissement azote 
cationique et eventuellement un agent ameiiorant la resistance, ladite premiere couche ayant ete en contact 
avec ledit secheur Yankee ; 

55 une deuxieme couche comprenant des fibres de fabrication de papier cellulosiques choisies parmi Ie groupe 

comprenaTit les fibres de bois dur, de bois tendre et recyciees, et un agent de deiiaison/adoucissement azote 
cationique et, eventuellement, un agent ameiiorant la resistance ; 

la concentration globale de I'agent de deiiaison/adoucissement azote cationique dans ledit papier tissu de 
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saile de bains ^ une seule ^paisseur 6tant comprise entre 0,5 et 4 kg/t (1^8 livres/tonne) mesurd sur une 
base de fibres s6ches ; 

la concentration de i'agent de d^lialson/adoucissement azot^ cationlque dans tadite premiere couche 6tant 
d'environ 15% k pas plus de 75 % de la concentration dudit agent de d6liaison/adoucissement a20t6 cationique 
dans la deuxi^me couche ; 

la concentration de I'agent am6Iiorant la resistance dans la premiere couche 6tant d'au moins 0,5 k 3 kg/t (1 
k 6 livres/tonne) si la quantity de bois dur dans la deuxi^me couche d^passe 25 % ; 
la concentration de I'agent am6liorant la resistance dans ladite deuxi§me couche n'est pas sup6rieure k en- 
viron 0,25 kg/t (0.5 livre/tonne) ou 20 % de la concentration dudit agent am6liorant la resistance dans la 
premiere couche si la quantity de bois dur dans la deuxi6me couche d6passe 25 %. 

26. Un papier tissu selon I'une quelconque des revendications 2 & 7, 9 15, 18 et 23 ^ 25, caract6ris6 en ce que 
I'agent ameliorant la resistance est pr6sent dans le papier tissu. 

15 27. Un papier tissu selon I'une quelconque des revendications pr6c6dentes renfermant un agent ameliorant la resis- 
tance, caracterise en ce que ledit agent am6liorant la resistance comprend de I'amidon. 

28. Un produit de papier tissu de salle de bains k une seule epaisseur selon la revendication 1 comprenant : 

20 une premiere couche comportant des fibres de fabrication de papier cellulosiques comprenant une partie 

majeure de fibres de recyclage, eventuellement un agent de deiiaison/adoucissement azote cationique et 
egalement, eventuellement, une partie mineure d'une autre fibre choisie parmi le groupe comprenant les fibres 
de bois dur, de bois tendre et recyciees et leurs melanges et egalement, eventuellement, de I'amidon ame- 
liorant la resistance, ladite premiere couche ayant ete en contact avec ledit secheur Yankee ; 

25 une deuxieme couche comprenant une partie majeure de fibres de bois tendre, un agent de deiiaison/adou- 

cissement azote cationique et eventuellement une partie mineure d'une autre fibre choisie parmi le groupe 
comprenant les fibres de bois dur, les fibres de recyclage et leurs melanges et egalement, eventuellement, 
de I'amidon ameliorant la resistance ; 

la quantite de fibres de recyclage dans ladite premiere couche est maintenue au-dessus d'au moins 75 % en 
30 poids de la premiere couche ; 

la quantite des fibres de bois tendre dans ladite deuxieme couche est maintenue au-dessus d'au moins 60 % 
en poids de la deuxieme couche ; 

la quantite combinee de fibres de bois tendre et de bois dur dans ladite deuxieme couche est maintenue au- 
dessus d'au moins 60 % en poids de la deuxieme couche ; 
35 la quantite combinee de fibres de bois tendre et de bois dur dans ladite premiere couche est maintenue k pas 

plus de 20 % de la quantite combinee de fibres de bois tendre et de bois dur dans ladite deuxieme couche ; 
la quantite de fibres de recyclage dans tadite deuxieme couche est maintenue a pas plus de 20 % de la quantite 
de fibres de recyclage dans ladite premiere couche ; 

la concentration de I'agent de deiiaison/adoucissement azote cationique dans ladite premiere couche est ajus- 
^0 tee dans la gamme de 2 % e pas plus de 75 % de la concentration de I'agent de deiiaison/adoucissement 

azote cationique dans la deuxieme couche, la concentration globale de i'agent de deiiaison/adoucissement 
azote cationique dans ledit produit de papier tissu de salle de bains ^ une seule epaisseur se situant entre 
0,5 et 4 kg/t (1^8 livres/tonne) ; 

la concentration globale de I'amidon ameliorant la resistance dans ledit produit de papier tissu de salle de 
45 bains k une seule epaisseur est maintenue dans la gamme d'au moins environ 0,5 k environ 3 kgA (environ 

1 k environ 6 livres/t) si la quantite de bois dur dans la deuxieme couche depasse 20 % ; 
la concentration de I'amidon ameliorant la resistance dans ladite deuxieme couche est ajustee pour ne pas 
etre superieure a 0,25 kg/t (0,5 livre/tonne) ou 20 % de ta concentration dudit amidon ameliorant la resistance 
dans la premiere couche si la concentration globale de I'amidon ameliorant ta resistance dans ledit produit de 
so papier tissu de salle de bains k une seule epaisseur depasse au moins environ 0,5 kgA (1 livre/tonne). 

29. Un papier tissu selon la revendication 27 ou la revendication 28, caractehse en ce que les teneurs en amylose et 
amylopectine de I'amidon se situent dans la gamme de 1 ^30 et 99 k 70 pourcent respectivement. 

55 30. Un papier tissu selon I'une quelconque des revendications precedentes, caracterise en ce qu'il renferme un agent 
de deiiaison/adoucissement azote choisi parmi les imidazolines, les sels amido-amines, les amido-amlnes lineal- 
res, les sels d'ammonium tetravalents et leurs melanges. 
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31. Un papier tissu selon Tune quelconque des revendications pr^c^dentes, caract^rlsd en ce quil renferme un agent 
de d61iaison/adoucissement azot6 choisi parmi les sels ayant la structure : 

[{RC0)2EDA]HX 

dans laquelle EDA est un r^sidu di^thyldnetriamine, R est le r^sidu d'un acide gras ayant de 12 ^ 22 atomes 
de carbone, et X est un anion ; 
les sels ayant la structure : 

[(RCONHCH2CH2)2NR']HX 



dans laquelle R est le r^sidu d'un acide gras ayant de 12 ^ 22 atomes de carbone, R' est un groupe alkyle 
15 Inf6rieur, et X est un anion ; et 

les melanges d'amido-a mines lin^alres et des imidazolines de ta structure suivante : 

(i) 



OH H X® HO 

II I 1 ' " 

Ci7H33-C-N-CH2-CHj-N^-CH,-CE2-N-C-Ci7H33 

R' 



et 



' OH CH^-CH^ 

II f x^/ - I 

/ \ // 
R' C 

I 

40 

dans laquelle X est un anion. 

32. Un papier tissu selon Tune quelconque des revendications pr^dentes, caract6rise en ce que le papier tissu a 
subi un proced^ de gaufrage dans lequel le rouleau a motif dur du pincement de gaufrage vient en contact avec 

45 le c6t^ s^cheur Yankee de la feuille tandts que le rouleau de caoutchouc dans le pincement vient en contact du 

cdt6 air. 

33. Un papier tissu selon Tune quelconque des revendications pr6c6dentes, caract^ris^ en ce que le papier tissu 
pr6sente un paramdtre de texture interieur d 0,225, un module de traction pas sup6rieur S une contrainte de 27 

50 grammes/pourcent, une valeur GM MMD pas sup^rieure ^0,21. 

34. Un papier tissu selon Tune quelconque des revendications pr^c^dentes, caract^ris^ en ce qu'tl pr^sente un para- 
mdtre de texture compris dans la gamme de 0,1 k 0,225. 

55 35. Un papier tissu selon i'une quelconque des revendications pr^c^dentes, caract^ris^ en ce que la deuxi^me couche 
est la couche cdt6 air. 

36. Un papier tissu selon I'une quelconque des revendications pr6c6dentes, caract6ris6 en ce qu'il a un grammage 
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d'au moins 0,016 kg/m2 (dix livres par trois rames de mille pieds carr6s). 

37. Un papier tissu selon la revendication 36 ayant un gram mage de 0,016 ^ 0,044 kg/m^ (10 & 27 livres par trots 
rames de mllle pieds carr^s). 

5 

38. Un papier tissu selon Tune quelconque des revendications 2, 3, 13, 14, 19 et 25 ou Tune quetconque des reven- 
dicatlons 26, 27 et 29 a 37 iorsqu'elle est ddpendante de Tune quelconque des revendications 2, 3, 13, 14, 19 et 
25, caract^ris^ en ce que la premiere couche comprend des fibres de bois dur, ^ventuellement avec une quantity 
mineure de fibres choisles parmi les fibres de bois tendre et de recyclage, et ta deuxidme couche comprend des 

10 fibres choisies parmi les fibres de bois tendre et de recyclage, ^ventuellement avec une quantity mineure de fibres 

de bois dur. 

39. Un proc^d^ de formation d'un produit de papier tissu de salle de bains doux selon t'une quetconque des revendi- 
cations 1 ^ 38, caract6ris6 en ce qu'il comprend les 6tapes consistant k : 

15 

fournir ^ une premiere chambre d'une boTte de tSte stratifi^e ayant au moins deux chambres une premiere 
alimentation renfermant les constituants pour former la premiere couche du produit ; 
fournir k la deuxi^me chambre de ladite boite de tdte stratifi6e une deuxifeme alimentation renfermant les 
constituants pour former la deuxi6me couche du produit ; 
20 former une nappe naissante en d6posant lesdites alimentations sur un support perform mobile, 

presser k I'^tat humide ladite nappe naissante ; 

transferer ladite nappe naissante &un s^cheur Yankee, faire adherer ladite nappe audit s^cheur Yankee avec 
ladite premiere couche de ladite nappe en contact avec la surface du s^cheur Yankee et crSper ladite nappe 
k partir dudit s6cheur Yankee ; et 
25 r^cup^rer un produit de papier tissu de salle de bains sech6, crep6. 

40. Un precede selon la revendication 39, caract^ris^ en ce que ladite premiere alinrtentation renferme les constituants 
pour former une premidre couche comprenant des fibres de bois tendre raffin^es et ^ventuellement une autre fibre 
de fabricat'ion de papier cellulosique choisie parmi te groupe comprenant les fibres de bois dur, de bois tendre et 

30 recyclSes et leurs melanges ; 

ladite deuxi^me alimentation renferme les constituants pour former une deuxtdme couche comprenant au 
moins une majeure partle de bois tendre et ^ventuellement une autre fibre de fabrication de papier cellulosique 
choisie parmi le groupe comprenant les fibres de bois dur, de bois tendre et recycl^es et leurs melanges ; et 
35 le degr6 standard canadlen de la fibre de bois tendre raff in^e incorpor^e dans ladite premiere couche est d'au 

moins 50 points inf^rieur au degr^ standard canadlen de la fibre de bois tendre Incorpor^e dans ladite deuxi^- 
me couche. 

41. Un proc6d6 selon la revendication 39 ou la revendication 40, caract6ris6 en ce que I'agent de d6liaison/adoucis- 
40 sement cationique est ajout6 selon une quantity de 0,05 k 5 kg/t (0,1 ^10 livres par tonne) de I'allmentation. 

42. Un proc6d6 selon la revendication 39, caract6ris6 en ce que : 

ladite premiere alimentation renferme les constituants pour former une premiere couche comprenant une 
45 partle majeure de fibres de recyclage, eventuellement un agent de dellaison/adoucissement azote cationique 

et 6galement, 6ventuellement, une quantity mineure d'une autre fibre choisie parmi le groupe comprenant les 
fibres de bois dur, les fibres de bois tendre et leurs melanges et ^galement, Eventuellement, de I'amldon 
ameiiorant la resistance ; 

ladite deuxi^me alimentation renferme les constituants pour former une deuxl^me couche comprenant une 
50 partle majeure de fibres de bois tendre, d'agent de ddllaison/adoucissement azote cationique et eventuelle- 

ment une partie mineure d'une autre fibre choisie parmi le groupe comprenant les fibres de bois dur, les fibres 
de recyclage et leurs melanges et egalement, eventuellement, de I'amldon ameilorant la resistance ; 
la quantlte des fibres de recyclage dans ladite premiere couche est malntenue au-dessus d'au moins environ 
75 % en potds de la premiere couche ; 
55 la quantlte de fibres de bois tendre dans ladite deuxleme couche est malntenue au-dessus d'au moins 60 % 

en poids de la deuxieme couche ; 

la quantite combinee de fibres de bois tendre et de bois dur dans ladite premiere couche est malntenue d pas 
plus de 20 % de la quantite combinee de fibres de bois tendre et de bois dur dans ladite deuxidme couche ; 
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la quantity de fibres de recyclage dans ladite deuxi^me couche est maintenue ^ pas plus de 20 % de la quantity 
de fibres de recyclage dans ladite premiere couche ; 

la concentration d'agent de d^itaison/adoucissement azot6 cationique dans ladite premiere couche est ajust^e 
dans la gamme de 2 % k pas plus de 75 % de la concentration dudit agent de d^liaison/adoucissement azot^ 
cationique dans la deuxi^me couche, la concentration globale de Tagent de d^liaisonyadoucissement azot^ 
cationique dans tedtt produit de papier tissu de salle de bains ^ une seule ^paisseur dtant comprise entre 0.5 
et 4 kg/t (16 8 livres/tonne) ; 

la concentration globaie de Tamidon am^liorant la resistance dans ledit produit de papier tissu de satle de 
bains d une seule ^paisseur est maintenue dans la gamme d'au moins 0,5 k 3 kgA (1^6 livres/tonne) si la 
quantity de bots dur dans la deuxidme couche d^passe 20 % ; et 

la concentration d'amidon am^tiorant la resistance dans ladite deuxiSme couche est ajust^e pour ne pas dtre 
sup6rieure ^ 0,25 kg/t (0,5 livre/tonne) ou 20 % de la concentration dudit amidon am6l]orant la resistance dans 
la premiere couche si la concentration globale de I'amidon ameliorant ta resistance dans ledit produit de papier 
tissu de salie de bains k une seule epaisseur depasse au moins 0,5 kg/t (1 livre/tonne). 

43. Un precede selon la revendlcation 42, caracterise en ce que I'agent de deiialson/adoucissement azote cationique 
est pulverise sur la premiere couche de ta nappe stratifiee chimiquement. 

44. Un procede de formation d'un produit de papier tissu de salie de bains doux selon la revendlcation 1 , caracterise 
20 en ce que ladite nappe est form6e en combinant au moins deux sources d'alimentation avant de deposer une 

alimentation sur le papier tissu en formation ; 

la premiere source d'alimentation comprend du bois tendre et un agent ameliorant la resistance ; et 
la deuxieme alimentation comprend un bois dur et un agent de deiiaison/adoucissement fournissant des fibres 
de bois tendre et des fibres de bois dur selon des quantites suffisantes pour former une alimentation globale 
comprenant 40 ^ 60 % en poids de fibres de bois tendre et 60 a 40 % en poids de fibres de bois dur ou I'agent 
ameliorant la resistance est ajoute k la source de bois tendre selon une quantite de 1 ,5 ^ 6 kg/t (3^12 livres 
par tonne), calcuie sur rallmentatlon totale, et i'agent de deiiaison/adoucissement est ajoute ^ la nappe sur 
le cote air apres a la fois que les sources d'alimentation ont ete combinees et selon une quantite de 1 d 2 kg/ 
t (2 ^ 4 livres par tonne), calcuie sur Taiimentation totale, et en ajustant la quantite d'agent de deiiaison/adou- 
cissement ajoutee et les quantites relatives de bois tendre au bois dur afin que ledit papier tissu presente un 
parametre de texture inferieur k 0,3, un module de traction pas superieur k une contrainte de 30 grammes/ 
pourcent, un frottement GM MMD pas superieur k 0,23 et une resistance k la traction k sec dans la direction 
transversale d'au moins 200 grammes par 76,2 mm (3 pouces). 

45. Un precede de formation d'un produit de papier tissu de salle de bains doux selon la revendlcation 1 , caracterise 
en ce que ladite nappe est formee en combinant au moins deux sources d'alimentation avant de deposer Talimen- 
tation sur le papier tissu en formation ; 

^0 la premiere source d'alimentation comprend des fibres de bois tendre, de recyclage et, eventueliement, un 

agent ameliorant la resistance ; et 

la deuxieme alimentation comprend des fibres de bois dur, de bois tendre et de recyclage et eventueliement 
un agent de deiiaison/adoucissement fournissant des fibres de bois tendre et des fibres de bots dur selon des 
quantites suffisantes pour former une alimentation globale comprenant de 40 e 100 % en poids de fibres de 

<5 bois tendre et de fibres recyciees, et de 60 a 0 % en poids de fibres de bois dur oCt 0 ^ 12 livres de I'agent 

ameliorant la resistance par tonne de I'alimentatlon totale sont ajoutees k la source de bois tendre, et 0 ^ 5 
livres de I'agent de deiiaison/adoucissement par tonne de Talimentation totale sont ajoutees k la nappe sur le 
cote air aprds qu*^ la fois les deux sources d'alimentation ont ete combinees et en ajustant la quantite d'agent 
de deiiaison/adoucissement ajoutee et les quantites relatives de bois tendre au bois dur afin que ledit papier 

50 tissu presente un parametre de texture inferieur k 0,3, un module de traction pas superieur e une contrainte 

de 30 grammes/pourcent, un frottement GM MMD pas superieur k 0,23 et une resistance k la traction k sec 
dans la direction transversale d'au moins 200 grammes par 76,2 mm (3 pouces). 

46. Un precede selon I'une quelconque des revendications 39 k 45, caracterise en ce que Tangle de crepage est ajuste 
55 pour former un angle inferieur ^80°. 

47. Un precede selon ta revendlcation 46, caracterise en ce que t'angle de crepage est ajuste pour former un angle 
de 70 k 78°. 
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48. Un proc^d^ selon i'une quelconque des revendications 39 k 47, caract^ris^ en ce que TadhSsif azot§ est appIlquS 
au c6t6 acier du s6cheur Yankee. 

49. Un proc^d^ selon la revendication 48, caractdris^ en ce que I'adhSsif azot§ est ajout^ seton une quantity de 0.05 
5 6 0.1 5 kg/t (0,1 ^ 0,3 livre par tonne) d'alimentation. 

50. Un precede selon la revendication 48 ou la revendication 49, caract6rts6 en ce que Tadh^sif azot6 est un polya- 
minoamlde ou un polyacrylamide glyoxyt^. 

10 51. Un proc^d^ selon la revendication 50, caract^ris^ en ce que le residu polyacrylamide glyoxytd est sous la forme 
d'un melange ou sous la forme d'un terpolym6re comprenant du polyacrylamide k raison d'au moins 40 pourcent 
en poids et du glyoxal k raison d'au moins 2 pourcent en polds. 

52. Un proc^d^ selon Tune quelconque des revendications 39 ^ 51, caract^ris^ en ce que le papier tissu est gaufr^ 
15 en ayant un rouleau ^ motif dur du pincement de gaufrage en contact avec le c6t6 du s6cheur Yankee de la feuille 

tandis que le rouleau de caoutchouc dans le pincement vient en contact avec le cdt^ air. 
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nGURE9 

SIDEDNESS PARAMETER OP UNCAl EHDERED l-PLY BASKSHECT FOR 
POLYACRYLAMIDE (NALCO) AND POLYAMINOAMIDE EPICHLOROHYDRIN 
(HOUGHTON) A0HESIVES WITH AND WITHOUT SOFTENER (QUASOFT 202-JR) 




PEEL FORCE g/304.8mm(G/12 IN) 
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FIGURE 10 



SIDEDNESS PARAMETER OF CALENDERED 1-PLY 
BASESHEET FOR NALCO AND HOUGHTON ADHESIVES 
WITH RELEASE OIL AND RELEASE OIL ALONE 
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HGURH n 

FRICTION FOR UNCALENDERED 1-PLY BASESHEET WITH SOFTENER 

SPRAYED ON AIR SIDE OF SHEET ON YANKEE FOR POLYACRYLAWIDE (NALCO) 

VS POLVAMINOAMIDE-EPICHLOROHYDRIN (HOUGHTON) ADHESIVES 
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HGURE 12 

FKICnON FOR 1-PLY UNCALENDEaED BASESHEET MADE WITH 
CLYOXYLATED POLYACRYLAMIDE (NALCO) VS PCLYAMINOAMIDE 
EPICHLOROHYDRIN (HOUGHTON) ADHESIVES 
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Fig.21 . 




Fig.21A. 
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Fig.22. 



Effect of Yankee Side Softwood 
Composition On Modulus of One Ply CWP Tissue 
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Fig.23. 



Effect of Yankee Side Softwood 
Composition On Friction of One Ply CWP Tissue 
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